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VALUE ANALYSIS where it really counts 


Here’s an expert at work, saving you money at 
the right time during design. Like all C/R 
sales engineers, he’s an experienced, well-trained 
representative whose knowledge springs from a 
solid engineering background. His ability to sit 
down with you during the design phase will help 
develop the most efficient and economical solu 
tions to your problems. 


For example, he will often suggest design modi- 


C/R Shaft Type Oi! Seal 


C /R Standard End Face Sea 


C/R Sirvene Diaphragm 


C/R Sirvis Molded Cup 


‘ui 


C/R Rawhide Beveled Gear 


fications that may save substantial production 
costs. Again, he will advise against specifications 
or seal types which he knows from experience will 
lead to service problems and user dissatisfaction 
His personal “‘value analysis’’ of your fluid sealing 
problems, backed by the quality of these Chicago 
Rawhide products, can save you money. Welcome 


him when he calls to see you. 


CHICAGO RAWHIDE MANUFACTURING COMPANY 


1289 ELSTON AVENUE * CHICAGO 23, ILLINOIS 


Export Sales 
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DEPARTMENTS: 


INTERESTING TO NOTE 
COMING NEXT WEEK 
DEVELOPMENTS TO WATCH 


February 1, 1960 
FEATURED: 


INFRARED FOR HEATING A PRODUCT... S V Joeckel, Infra-Red Systems Inc 
A practical comparison: infrared vs other heating methods. . ; 


MINICAST DOES IT CHEAPER .. . J H Cadieux, Casting Engineers Inc 


It’s a close-tolerance way to cast tiny parts. 
WHAT'S NEW IN RESEARCH 
PROM WASHINGTON 

THE ENGINEERING WEEK 
POINTS OF VIEW 

READER TO EDITOR 
COMING EVENTS 

FY! PERSONAL 

HORIZONS 

PRODUCT DESIGNS 
SIGNIFICANT COMPONENTS 
DESIGN LITERATURE 
CURRENT REPRINTS 
ADVERTISERS INDEX 
READER SERVICE CARDS 


LIGHTEST SPRINGS FOR ABSORBING SHOCK ... W A Welch 
No need, with this method, to calculate spring dimensions 


DIMENSIONAL ANALYSIS IN 10 STEPS .. . D Kececioglu, Allis-Chalmers 
A classical method is reduced to a systematic procedure 


ESTIMATING COST OF HI-TEMP PARTS . . . R H Patchen, Aerojet-General 
Handy guide for 16 different high- temperature alloys....... a 


7 STEPS TO BETTER ORAL REPORTING .. . E J Tangerman, editor 
Fourth in the series: how to deliver your talk........... 


CHARTS FOR SHAFT DIMENSIONS .. . B N Ghosh, International Harvester Ltd 
They relate shaft shapes that give same torsional deflection. 





FIELDS OF INTEREST REPRESENTED IN DEPARTMENTS: 


MATERIALS: Better insulating oils can be made 
Radiation-grafted coatings promise improved section. 


MECHANICAL: New spray valve works in any position...... 
Harmonic drive, with flexible gear, heads for neiiliiadien 


ELECTRICAL: Higher powered small magnets for instruments. . 
Mercury-contact relay is sealed to prevent oxidation 


PRODUCT DESIGN: §Smog—can it be designed out of our equipment 
New jet fighter features speedy, easier maintenance 
Faster motorized press—a workhorse tool goes modern... 


PROCESSES: |ris-type valve regulates flow of bulk materials 


For mass skin-wrapping of parts: thermoplastic molds... 


GENERAL: Research digs deeper into need for cleaner surfaces. . 
Solar power sources may soon be competitive 
House Space Committee to be advised by 12 scientists. . 
Seek master roster of scientists and engineers. 
ike budgets $8.4 million for R&D—Congress may ory more 


PRODUCT ENGINEERING - FEBRUARY 1, 1960 








Atoms for Peace. This dome houses the 91-ton reactor ves- 
sel made of nickel-containing stainless steel for the new 
Enrico Fermi Atomic Power Plant on the shore of Lake 
Erie near Monroe, Michigan. Detail design and con- 


aibews 


Power Reactor 


Development 
supplied by Atomic Power Development Associates, Inc. 


struction of the reactor vessel was done by Combustion 
Engineering, Inc. Plant will be built an 


operated by 


Company from designs 


Atomic reactor “breeds” its own fuel 


Stainless steel vessel must withstand 
high temperatures and corrosives 


The world’s largest full-scale nuclear 
reactor of the “fast-breeder” type 
is now being built. It may well an- 
swer the question: 


When will atomic power be 
competitive with conventional 
methods of producing electric 
power ? 


, 


As the term “‘fast-breeder’”’ indi- 
cates, the atom-splitting process is 
maintained by so-called fast or high- 
energy particles. It produces more 
nuclear fuel than it consumes. The 
fast-breeder actually turns out a 
kilogram and a fifth of new fuel for 


each kilogram it burns up! 

The “breeding” takes place in a 
36-foot high pressure vessel. Here, 
the high-energy particles (neutrons) 
travel at speeds of thousands of 
miles per second to keep the atom- 
splitting chain reaction going. 
Accent on safety. A major objective 
was to make this reactor vessel safe. 
That called for a lot of highly spe- 
cialized work. 

It also called for a rugged metal: 
one capable of withstanding the tre- 
mendous heat given off in nuclear 
fission, and of bearing up under the 
temperatures and corrosives en- 


countered. The final choice? Strong, 
corrosion-resisting Type 304 stain- 
less steel. It’s a stainless steel that 
contains Nickel — one of the big rea- 
sons for these superior properties. 


How to “fast-breed” ideas. Prob- 
lems involving reactor materials 
may never be a concern of yours. But 
you can run into metal selection prob- 
lems involving corrosion, pressures, 
high temperatures and other de- 
structive conditions almost any time. 
When you do, remember there is a 
good chance that a steel containing 
Nickel will provide the properties 
you want. Let us help you find out. 


The INTERNATIONAL NICKEL COMPANY, Inc. 
67 Wall Street seo, New York 5, N. Y. 


INCO NICKEL 


NICKEL MAKES ALLOYS PERFORM BETTER LONGER 
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The Troubled Air 


Not long ago man was 
the slave of his environ- 
ment. One by one the 
powerful beasts, a cruel 
sea, and weather were all 
challenged and are now 
pretty much ignored, if 
not subdued. In the proc 
ess a lot of beauty was de 
stroyed: forests and plains 
were stripped, mountains 
carved out, rivers and 
the very sea polluted for 
man’s convenience 


Such destruction is stupid, but 


man is toying with the blanket of air 


protects him, 


game we've ever played. Our statesmen 


the atmosphere from radiation. Our engineers are studving +9) 
1 four-wheel vehicle, 


smog (page 15 


Sounds as if man will come out 


quence of events predicted for the next 100 vears by tw 


Columbia scientists: | 
in level of all oceans by 150 to 
many other coastal areas; 3—heavy 
north; 4—growth of 


cago and all other northern cities are scraped right off 
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that nourishes and 
and this is the most horrible and dangerous 
are trving to save 


ahead again, 
we were a bit smug about it all until we 
melting of the arctic ice; 2—ris 
200 ft. 
York, Philadelphia, Boston, Baltimore, 


submerging New 
New Orleans :; 
snows over all the reflected by the 


glaciers moving southward until Chi 


the map; 5—drop of ocean level to 300 ft below today’s 


water tied up in the form of snow); 6—eventual return 


to todav’s situation. 


An interesting problem in survival, wouldn't vou 


Shocking— but Gets Resuits 


For vears 
sound barrier.” 


areonautical engineers tried to 


rack the 


lest pilots gave their lives trying to reach 


that mysterious speed dubbed Mach 1, while millions of 


dellars were spent in an 


a structure once the barrier has been surmounted 


spec ds create 


ground below 


suicidal. Now 


as far back 


read of this 


equivalent to 


distance to give 
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Effects of shock have long been known 


objects, springs have been applied 


waves, too, have been successfully 


World War II, 


waves to determine the most efficient method of detonat 


scientists and engineers 
ing the first atomic 


ind ft above the ground, the direct shock waves 


attempt to learn what happens to 
One ot 


engineers learned was that supersonic 
shock waves that can smash windows on the 
Flight tests, which were normally carried 


moved ove 


deserts 01 


large bodies of water. 


In mechanical 


absorb shock (page 


as da Vinci. He added shock springs to 


which itself was spring-driven. Shock 
During 


studied shock 


harnessed 


if a bom! 


bombs. They found that 


20,000 tons of TNT were detonated at 1580! 


and tho 


ground would combine over a consider ! 
twice the blast effect 


ilso been applied to peaceful purposes 


Shock waves ha 
Geologists } 
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made use of “shock pictures” to help locate subsurface 
oil pools. Now scientists have suggested using shock waves 
to detect underground atomic explosions 


A Nose for Heat 


\ few years ago, a group of Air Force scientists gathered 
at a Southwest proving ground to observe the demonstra- 
tion of a new, air-to-air missile. An F-80 was sent up as a 
drone while a second jet, armed with the new missile, 
sped towards the rendezvous. At the proper moment, the 
attack plane fired one shot. The drone buffeted, then 
lost power. Because the missile was unarmed the drone 
could be recovered. When the drone had been guided t 
a dead-stick landing, officials began examining the plane 
to determine structural damage. Had the missile been 
armed, could it blast a plane out of the sky? After a very 
careful examination no puncture could be located. As a last 
resort, the jet turbine was examined and the missile was 
located—neatly buried in the heart of plane’s engine 
This new antiaircraft device had actually followed the 
plane, then crawled up its tailpipe. 

The missile, the Sidewinder, is now operational. Its 
secret is in its nose—a heat-sensing, infrared device 
Infrared rays, which have helped in crime prevention and 
photography, now guide a potent defensive weapon. For 
some of their design possibilities, see the article on page 39 


When Passengers Wore Goggles 


Everybody is familiar with today’s modern passenger 
planes, but how many remember what it was like forty 
vears ago when the passengers as well as pilots wore gog 
gles? To fly from Amsterdam to London, passengers en 
tered an open, canvas-covered biplane by means of a 
wooden stepladder. They adjusted their life jackets, gog 
gles and the hot water bottles at their feet—then, with a 


the instrument panel usually spun like a top, but the pilot 
didn’t care—he took his bearings from storm-twisted 
trees, or from a farmhouse where the wash was always hung 
out at the same time. Once across the Channel, he had 
only to follow the Dover-to-London railroad. He had t 
be careful to fly directly above the track so that his pas 


KLM Royal Dutch Airlines 
This deHavilland DH-9 flew the world’s first regularly 
scheduled air route in 1920—Amsterdam to London 


sengers couldn’t see the train and complain, as they once 
did when a plane was caught in a headwind, that the train 
was faster. 

Maintenance forty years ago was catch as catch can 
There was no such thing as an engine log. The pilot didn’t 
concern himself with a set periodic engine overhaul; if h« 
heard an unfamiliar clink or thud in his engine, he would 
take a look at it when he got around to it. 

The intricacy of the modern engine makes “flying by 
ear” difficult if not dangerous, although many an old 
timer swears he can still tell more about an engine afte: 
hearing it “turn over” than by reading all the dials in 
the cockpit. Some of the latest timesavers for aircraft 
maintenance-men have been designed into the Norair 156 


tremendous roar, they were airborne. The compass on It’s described on page 46 —Benedict A Leerburger Jr. 





COMING NEXT WEEK IN PRODUCT ENGINEERING 


Societies and Associations Offering Design Data and Standards 


Special report lists, for the first time, associations of value to the design 
engineer—where they are, their objectives, membership and standards activity. 


Sprayed Reinforced Plastics 


Design rules for an economical process that makes parts from fiberglass- 
reinforced plastic. 


12 Low-cost Designs for Overrunning Clutches and Adjustment Locks 


All are simple devices that can be constructed inexpensively in the laboratory 
workshop. 


The Harmonic Drive 


Rundown on advantages of this innovation in planetary gearing. With equa- 
tions relating to its torques, stresses and efficiencies. 
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Want to be 
an Executive? 


Management is actively looking for engineers who 


have the desire and ability to become administrators 


by 


James M. Jenks 


In a sense, this is the golden age for 
engineers. Once buried in corporate 
obscurity, many of them have emerged 
today as likely heirs apparent to the 
big jobs—and the big rewards — of 
business and industry. One impressive 
indication of this growth is that money 
spent in research and development 
over the past fifteen years has in- 
creased six-fold. 

Despite this stepped-up activity, 
however, the once disorganized 
scramble for engineers seems to have 
ended ...at least temporarily. And 
perhaps it’s a good thing. Actually, 
the more perceptive engineers had al- 
ways realized that unusually high 
starting salaries were often illusory. 
The gap between money being offered 
beginners and the incomes of experi- 
enced men was narrowing rapidly. 
Further, more and more thinking tech- 
nical men concluded that even top 
engineering salaries are low when 
compared with the remuneration of 
highly placed general executives. 


A Plan to Help 
the Engineer Succeed 

Happily, there is a route to increased 
incomes that is satisfying to both en- 
gineer and company alike. This route 
leads into management. It is no easy 
road but the rewards are great for 
those willing and able to follow it. 

In the vast, complicated world of 
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business the engineer has much tolearn. 
As a manager his duties wil! bring him 
into contact with accountants and buy- 
ers, advertising men and salesmen, 
lawyers and other executives. A 
strange new set of circumstances con- 
fronts him. He must gain confidences 
and be understanding, learn and in- 
struct, be sympathetic, paternal or 
commanding as conditions require . . . 
and all in the midst of a business or- 
ganization about which his knowledge 
is limited. 

Actually, it comes down to this: 
To succeed as a business executive, 
the engineer must learn the art of mak- 
ing decisions quickly and accurately. 
And this ability is, of course, directly 
dependent upon knowledge. The 
“principles” of business—while not 
as scientific and inexorable as those of 
engineering—are no less important. . . 
no less essential to efficient procedure. 

For nearly fifty years, the Alexan- 
der Hamilton Institute has specialized 
in bringing this knowledge to mature 
men—at home in their spare time. 


Free ... “Forging 
Ahead in Business” 


We do not claim that you must have 
the Alexander Hamilton Course in 
order to succeed in business. But we 
do say that you cannot succeed with- 
out what is in the Course! 


All the Institute does is offer you a 
convenient and time-saving means of 
bringing this knowledge to you in your 
spare time; and in a form that has 
proved to be practical and effective. 

So that you may judge for yourself 
whether or not you think the Institute 
can help you, we have published an in- 
formative 48-page book titled “Forg- 
ing Ahead in Business.” 

We believe that this little book will 
help any man get down to bedrock in 
his thinking; however, there’s no cost 
or obligation for it because—frankly 
—we've never been able to puta price 
on it that would reflect its true value. 
Some men have found a fortune in its 
pages. 

If you would like a complimentary 
copy of “Forging Ahead in Business”, 
simply sign and return the coupon be- 
low. It will be mailed to you promptly. 


ALEXANDER HAMILTON INSTITUTE 
Dept. 221, 71 West 23rd St., N. ¥. 10. N. Y. 
in Canada: 57 Bloor St., W., Toronto, Ontario. | 


Please mail me, without cost, a copy of the | 
48-page book— | 
“FORGING AHEAD IN BUSINESS” 


Name = 
Firm Name 
Business Address 
Position 


Home Address__—. 





Quality control at Standard is second to none 
among the nation’s major specialty product steel plants. 
It is maintained by the most accurate, up-to-date testing 
equipment available. The laboratory facilities operate 
around the clock to keep all vital information flowing 


to our metallurgists, shop foremen, mill and machine 


oOperators—as well as to plant management, and, of 
course, Our customers. 

Bring your next unusual product to us—we’ll welcome 
the opportunity to serve you regardless of the alloy it 
might require. Send for the free illustrated booklet, 


“Quality Control at Standard.” 


BALDWIN: LIMA: HAMILTON 


Standard Steel Works Division - Burnham, Pa. 


Rings « Shafts « Car Wheels + Gear Blanks 


Flanges » Special Shapes 


Standard Steel Division 
BALDWIN -: LIMA: HAMIL Ton 


BURNHAM, PENNSYLVANIA 


CIRCLE 6 ON READER SERVICE CARD 


Rings ¢ Shafts ¢ Car wheels ¢ Gear blanks * Fianges * Special shapes 
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Better insulating oils can be made 


I'ransformer oils substantially more stable than those currently used can be com 
mercially produced, says California Research Corp. But they'll likely involve some 
compromise on “sideline” properties. 

One type, for instance, with a 3-component inhibitor system, offers « ynsiderably 
improved stability—but at a “cost” of darker color which may restrict visual 
examination. Uninhibited oils, on the other hand, showed complete inability to 
withstand the operating conditions of such applications. 

New methods are also needed for evaluating such oils, CRC notes. Many of 
the criteria of oil condition and stability now used routinely are of relatively little 
importance in the field. A survey showed, for instance, that sludge formation 
is no longer considered a key problem by most users of transformer oils, while 
power factor and interfacial tension are increasingly important 

lhe CRC researchers note, too, a need for caution in evaluating such indices 
is steam emulsion number, and point out that new tests are badly needed for 
oil stability itself. For this purpose, they have developed a modified test procedure 
which they believe is a good indicator of relative oil quality 

\ copy of the report on this study, by N. W. Furby and F. J. Hanl 
obtained from CRC, Richmond, Calif 


Valves that work in any position 


New spray valve designs featuring simplicity and ease of peration are be 


pioneered by Gulf Research & Development Co. First to go into production 
is the one diagrammed below. It’s said to work equally well straight or upside down 
has a nylon adaptor and a Delrin slide which fit on the standard aerosol unit 
Gulf is now working on a modified design which will make it possible to 


porate the slide in the standard valve body so the movable slide would 
only extra piece required 





P 
= Dip lub 


SSS ww 
SS 997 


Aux liory 
possoge 


SS 








Nylon adapter and Delrin slide convert standard spray valve into 2-way unit. Auxiliary 
passage opens as unit is turned upside down, permits liquid to flow from reservoir to 
exit nozzle. When unit is turned upright, slider drops back against adapter, closing off 
auxiliary passage and permitting direct flow through dip-tube 
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DEVELOPMENTS TO WATCH... 


continued 





Radiation-grafted coatings to improve plastics 
Printability, adhesion, and chemical performance of plastics could be improved 
by a radiation process that would “graft” coatings of the desired type on plastics 
surfaces, say John J. Grebe and David E. Harmer of Dow Chemical Co. 

As one example, they cite the flucrocarbon plastics—tough and chemically inert, 
and therefore hard to bond, dye, and print. By placing such materials in a bath 
of a liquid resin with the desired properties and then applying radiation, the Dow 
men say, it should be possible to polymerize and fuse a new coat to the base 
material—a coating which would not just be an applied outer film, but an integral 
part of the base material 

They indicate such a process is well on the road to practical application, and 
say new plastic-covering materials of this type (for automotive upholstery, for 
instance) “should soon be commercially available.” 


French make magnets smaller and stronger 


Higher powered magnets for clock movements and instrument mechanisms are 
being produced in France, using platinum-cobalt alloys containing approximatels 
equal molecular percentages of the two metals 

According to Societe LIP, 25 Boulevard Malesherbes, Paris 8-e, these alloys 
“acquire remarkable magnetic properties when they undergo heat treatment,” 
permitting use of much smaller magnetic components than would otherwise be 
possible. The material is by no means a cheap one (on the order of $130/oz 
but savings in magnet size and ease of machining make these alloys worth con 
sidering for many applications, the company believes 


Flexible drive goes into production 


The harmonic drive developed by United Shoe Machinery to transmit linear, 
rotary, or angular motion, is now to be made commercially by Western Gear 
Corp for applications in the actuator field. This is the drive that features a rigid 
ring gear with internal teeth, mating with a flexing ring gear with external teeth 
see PE—Dec. 9 57, p 9 for diagram, and forthcoming issue for design details) 

The flexing gear is slightly smaller than the outer ring gear, but is forced into 
contact with it at two diametrically opposed areas by an elliptical cam, which is 
part of the input shaft. Ballbearings roll between flexible gear and the cam 

Ihe cam, then, becomes a “wave generator” since rotation of the ellipse gen- 
erates a traveling harmonic wave. Each rotation of this “wave generator” moves 
flexing gear a distance equal to the tooth differential between gears. 

In one test application, says Western Gear, a harmonic drive transmission with 
a reduction ratio of 172:1 at an output torque of 380 Ib-in. successfully replaced 
a backlash-compensated spur-gear reducer four times its size and weight 


New pump being made in Hungary 


A screw pump for viscous liquids, designed by the Hungarian Factory of Pneumatic 


and Hydraulic Machines, is said to be capable of handling viscous liquids with 
good volumetric efficiency. 


It's a 3-spindle design, with one driving and two sealing spindles which rotate 

Three-spindle screw pump, de- in opposite directions. When used for suction at heights not exceeding 20 ft, 

— ans Cae he — these pumps are self-priming and noiseless, and produce “absolutely uniform” 

sealing spindles ’ delivery. Maximum pressure depends on the number of threads within the casing, 
but present designs range up to 2500 psi. 

Full information (in English) may be obtained by writing to “Technoimpex,” 

Hungarian Machine Industries Foreign Trade Company, Budapest V., Dorottya-u 

6.-P.0.B., 183, Budapest 62. —ARG 
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WHAT'S HAPPENING IN RESEARCH... 


Heading for space 
with the sun 


Solar power got a_ boost 

GM researchers at the SAI 

meeting last month when T. | 

Nagey and R. E. Henderson of Alli 
Diy solar 


systems in the l-megawatt power clas 


sources 


from 


son said direct-convers 


which are competitive from a weight 


standpoint with nuclear systems, 


be ready in time for 


ships—if the necessarn 


grams are initiated now 


point, they 


would be 


Elaborating on this 


1 solar collector 


capable of supplying heat t 


cell, thermoelectric or thermioni 


. : 
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waste oducts 


Of the 


Doss 
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tric unit 


have a minimum w penalty 


ichieve an efhiciency 


ind could readily 
on the order of 20 
Chey give present-day efhciency 
of 14 
tively, for lithium hydride 


lead 


ind 13 respec 


fuel cells, 


thermoelectric mverters, and 


thermionic diodes issuming maxi 


mum temperatures 


1500 K: 


7c } 
4) », ane 


and 
18 lb/kw 


and 


Big business 
in instruments 

More than $4.5 mill 
spent on scientific and pr 
trol this year 
otf Commerce estimate 


ocess con 
the Dept 
That’s a 


ind comes 


instruments 


15 increase over last year 
the fact that 
m spending for 


} 


in spite of no over-all 


increase laboratory 
facilities is expected 
Scientific 


struments, 


and process-control in 


as defined by the Business 


and Defense Services Administration 


are instruments “used to measure, 


indicate, record and/or control elec- 
trical, chemical, and physical quanti 
ties They operate completely auto 
matically, on the basis of electrical, 


optical, gyroscopic, and other physical 
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principles such as expansion of 
elastic deformation, and the like.” 
BDSA points out that there ar 
more than 100,000 cataloged instru 
ments of this type, and more than 
Chey 


1000 companies making them 
though, only the con 


not 
laboratory 


include, 
ventional instruments | 
ilso industrial and component instt 
the 


found 


ments. However, it notes 


Salli 
type of instrument maj be 
the laboratory, manufacturing facilit 


in airplane, or a guided missile 


Getting down 


to cleaner surfaces 
The de 7TCC ‘ f 


surface 


that once was entirely satisfactory for 


mechanical part won't do for 


i 
miconductors—or for 
lurgical research 


Effects skin deep 


row recognized as being extremel; 


just 
today’s metal 
and adhesive 
that are “only” 
mportant in all of these areas 


As Prof H. | 
University points out, “Many surface 


Farnsworth of Brown 


roperties of metals and semiconduc 


tors—work function, absorption char 


icteristics, electron emission—are ex 


ceedingly sensitive to minute amount 
of surface contamination.” 
Prof 


ind 


reason why, i 
of the U of Illinois 

f Brooklyn Polytech 
told a Electr 
society meeting, Our 
still 


his is one 
Paul Handler 
H. J 


nic Institut 


Juretschk 
recent 
chemical 
knowledge of the surface region i 
poor; though our knowledge of the 
just below th 


charge 


region of spa 


surface—has increased considerably 


Now. with 


perimental study 


recent advances in ex 
ind preparation, it 
appears possible to produce surface 
that do approach the theoretical in 
purity and perfection 

Among the procedures for produc 
ing atomically clean surfaces are pro 
longed heating in an ultrahigh va 
uum and removal of contamination by 
ion bombardment. 

New methods are being developed, 
too, to 


are really 


when such surfaces 
Most promising in 
this regard, says Farnsworth, are low 
energy diffraction techniques which of 
fer wavelengths suitable for examin 


ing monolayer plane gratings 


indicate 
clean. 


Radiation tackles a 
new measuring job 
\ bi BP 


g, high-powered scintillatio 
detect 


radioactive 


ounter that can minute 


umounts of potassium 1 


soing to work as a fat-content indi 


pt of Agriculture 


found in animal 


xclusively in muscle, and in pre 
mount Measuring the 


; } 


theref Tr l in 
entage of muscle 

subtractio 
It’s 


shows pI 


ntains ind simpk 
of tat 
that 
e for commercial development 

USDA Market 


» c che 


the amount 1 rapid 


iondestructive test 


, } ™ 
TU Goh GELEE A si 
idvantage 


wring radioact 


Radiation counter, incorporating plas- 
tic scintillators, was built in England 
for USDA. It can check cesium 137 
(for fallout studies) as well as monitor 
potassium isotope for fat-content deter 
mination and other studies 





NO. 3 OF A SERIES 
fia “How to Design Welded Aluminum Structures” 


Additional Strength Revealed 
in Welded Aluminum Members 
Under Tension 


Mr. Harry N. Hill, 
Engineering Design Division 
Chief, Alcoa Research 
Laboratories, Aluminum 
Company of America, reports 
research findings presented 
at the 1959 annual meeting of 
the American Society of 

Civil Engineers. 


What is the strength of a welded aluminum 
alloy tension member? Extensive research 
shows that there is no single answer for any 
given alloy. Such strength depends on the 
location and extent of the welds ... and 
whether the most important factor is ultimate 
strength or resistance to permanent deformation. 

In many practical cases, welded tension 
members are very nearly as strong as the 
parent metal that is not welded, despite the 
softening effect of the heat of welding. This 
article provides design concepts for determin- 
ing the strength of welded tension members 
by applying the rules from the first two 
articles in this series. 

First, let us consider a tension member that 
is stressed in a direction parallel to a weld. 
The chart at right was developed from tensile 
tests made at Alcoa Research Laboratories 
on plate specimens of a cold-worked alumi- 
num alloy having longitudinal butt welds. 
The curves on the chart represent calculated 
strengths based on the “reduced-strength 
zone’ concept. The formula below the chart 
was developed from this design concept. 
Yield strength is similarly computed. 

Strengths calculated from these formulas 
are shown to agree very well with the tensile 
and yield strengths obtained from the tests. 
Hardness tests of the test specimens revealed 
a reduced-strength zone about % in. on either 
side of the weld. Although in this region the 
strength is appreciably reduced, tests with 
specimens 6 or 8 in. wide show over-all 
strength just a few per cent below the strength 
of the unwelded material! 

Let us now consider tension members in 
which the stress is across the weld. 

Where the weld covers the full cross section 
of the member, the ultimate tensile strength 
is determined by the condition of the metal 
immediately adjacent to the weld. 

However, if the determining factor is per- 
manent deformation rather than ultimate 
strength, use of the “‘10-in. gage length yield 
strength’’ concept will generally indicate 
strength 30 to 40 per cent higher than the 
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Results of Tension Tests of Longitudinally Welded Members 


A 
fu=fuoc A (fue fun) 


where: fu=tensile strength of welded member 


fuo=tensile strength of parent metal not welded, psi 

fuh=minimum tensile strength in the reduced-strength zone, psi 
A=cross-sectional area of the member, in square inches 
Ar=area of the cross section within the reduced-strength zone 


in square inches 


minimum yield strength of the material im 
mediately adjacent to the weld. When a 
transverse weld does not cover the full cross 
section of a member, the reduced-strength 
zone concept can be applied as for longi- 
tudinal welds, as above. 

This is the third in a series of design con 
cepts that are providing engineers with a 
more realistic set of rules for applying welded 
aluminum to structural work. Watch for 
additional subjects in this series: strength of 
welded members in compression, strength of 
welded beams, fillet welds and design data. 

For top-quality aluminum welding products 
such as consumable electrodes, welding and 
brazing rods and fluxes, and solder and solder- 
ing fluxes, contact your nearest Alcoa sales 
office. For more complete information on 


“Designing Welded Alu 
minum Structures,’ write 
Aluminum Company of 
America, 1760-B Alcoa 
Building, Pittsburgh 19, Pa 


Atcoa § 
ALUMINUM 





Your Guide to the Best 
in Aluminum Value 
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Wagner Vertical Solid Shaft Motors... 


POWER 
PACKED 


PUMP 


DRIVES 


Got pump-power problems? You can solve them— 


simply, easily—with Wagner Vertical Solid Shaft 
Polyphase Motors. These motors are designed 
especially to meet the load conditions of pumping 
They handle loads without laboring or stalling . . . 
are smooth running under cyclic loads. They are 
uniquely suited, too, for other types of equipment 
that require vertical motor drives. Match them to 
agitators, axial fans, centrifuges, mixers, presses 
anywhere you need a vertical shaft motor. 

Whatever the application, one thing is sure... 
Wagner advanced design engineering has pro- 
duced vertical shaft motors of simple, rugged cast- 
iron construction. ..motors with plenty of stamina 
to give you economical, maintenance-free service 
the year ‘round, indoors or out. 

Wagner Vertical Solid Shaft Motors are end- 
mounted, squirrel-cage type with NEMA Type “P” 


base. They are available in standard ratings of 
60 cycle, 208-220/440 and 550 volt, 1% through 
40 hp—3500 RPM, and | through 30 hp—1750 
RPM. For information on larger horsepower rat- 
ings, call your nearby Wagner Sales Engineer. 
Other motor requirements? Wagner can supply 
standard motors or build special motors to fit your 
needs. More than 65 years of constant research 
and development in electric motor design has 
made Wagner a name you can depend on. For an 
analysis of your next motor application, be it for 
plant or product call on Wagner. There are 32 
branch offices in principal cities across the country. 


Waaner Electric Corporation 


6406 Piymouth Ave., St. Louis 33, Missouri 


wmeo-4 


SERVING 2 GREAT GROWTH INDUSTRIES — ELECTRICAL —~ AUTOMOTIVE 
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Dozen scientists to advise House Space Committee 


A science advisory panel has been set up to advise the House Committee on 
Science and Astronautics. Committee Chairman Overton Brooks (D-La) says 
that the 12-member panel will meet “once or twice” a year to advise his group 
because: 

“It is unfortunately true too often that scientists with important ideas that 
would help advance the interests of the US, and mankind in general, have been 
unable to find anyone to listen to them. Theirs have been, on too many occasions. 
voices in the wilderness.” 


The 12 members are: Dr Fdward J] Baldes, senior consultant biophysi 
Mayo Clinic, Rochester, Minn; Dr Clifford C Furnas, chancellor of the Univ of 
Buffalo; Martin Goland, Southwest Research Institute; Prof W Albert Noves Jr, 
Univ of Rochester; Dr Clarence P Oliver, Univ of Texas; Dr Sverre Petterssen, 
Univ of Chicago; Dr Roger Revelle, director of Scripps Institution of Oceanogra 
phy, Univ of Calif; Prof Richard L Russell, Louisiana State Univ; Dr 11 Guvford 
Stever, MIT; Prof James A Van Allen, State Univ of Iowa; Dr Fred L. Whiple, 
director of Astrophysical Observatory, Smithsonian Institution; and Prof Maurice 
J] Zucrow, Purdue Univ 


Birth of the new advisory committee comes fast on hecls of Administration 
steps to junk two space committees. Pres Eisenhower has recommended that 
Congress abolish the National Aeronautics and Space Council, originally set up 
to iron out program policies and keep the President advised of space progress 
addition, he asked Congress to eliminate the civilian-military liaison committee 
whose function was to bring harmony and coordination of the space program 
between various agencies of the government. Now, all that is needed, the Presi 
dent told Congress, is for the Secretary of Defense and the NASA Administrator 
to keep each other informed on space activities 


Pres Eisenhower wants to personally assign responsibility for developing new 
launch vehicles to either the NASA or Dept of Defense—and he has asked Congres: 


to amend the space law with such a provision. Observers figure the move may 


at least partly stem congressional wrath over the Saturn Super Booster project 
Critics claim that in the field of super boosters, the US policy has been lax and 
uncertain. ‘This area, where the US lags the farthest behind the Russians, is kev 
to future space exploration. Regardless of which agency develops the new boosters, 


however, they will be available for use by both agencies 


Facsimile mail testing starts soon 


The Post Office Dept will soon step up efforts to transmit mail by facsimile 
across the nation. Officials won't discuss the program, but there are plans to 
install test equipment between Washington and Los Angeles, San Francisco 
Detroit, and Battle Creek, Mich 


Experimental equipment for both high-speed and low-speed transmission will 
be used. The program has been kept under tight wraps for several months, pri 
marily, it is rumored, because industry has thrown up strong opposition to the move 
Now, however, the testing is to be expanded. This year’s budget includes an 
estimated $40 million for new electronic equipment 
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Sheded area shows gain in power consumption. 


New design standardization permits fast assem- 
bly and shipment from stock of ony size and 
ratio with any mounting and drive arrangement. 


NOW cet new efficiency 


new savings in weight and 


New high efficiency. These new drives offer efficiencies 
never before available in worm gear drives. Helical attach 
ments for double and triple reduction units combine th« 
efficiency advantage of helical gearing with the high ratio 

ntage of worm gearing. You save on power consump 


operating temperatures are lower . £earing 


New high capacity. This is not just a re-rated line. Im- 
proved tooth forms, precision ground alloy steel worms, 


special high strength bronze gears, sturdy housings, pre 


cision ground helical gearing . . . all mean higher capacity 
in less space. In fact, you get space savings to 50% 
weight savings to 60%. Or, you can handle loads up to 


80% greater in the same space, 


New flexibility. These new heavy duty high efficiency 
Philadelphia drives have a degree of flexibility never be 
fore available. One basic housing design can be combined 
with standardized horizontal and vertical mounting bases 
worm gearing, single and double helical attachments, and 
fans, for any drive and mounting arrangement in the exact 
size and ratio to meet your requirements . . . standard or 
special. Torque control attachments for all sizes are avail 
able from stock for applications demanding overload pro 
hanes a 


Ratios from 5%: 1 to Center distances 


to 21”. Write for 


tection 


atalog information. 


PHILADELPHIA GEAR CORPORATION 
King of Prussia (Suburban Philadelphia), Pennsylvania 


from 3” 


philadelphia gear drives 


Offices in all Principal Cities * Virginia Gear & Machine Corp., Lynchburg, Va 


GEARS & SPEED REDUCERS * 
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FLEXIBLE COUPLINGS 


California Lawmakers Lead Drive 
for Non-smog Automobiles 


Just what kind of device will solve the problem of controlling auto- 


mobile exhaust fumes? 


Last December, California health officials established ground rules for 
scientists and engineers who are tackling the challenge. Here are the 


standards they must meet: 


Maximum hydrocarbons in exhaust—275 parts per million by volume 


in terms of hexane . Max carbon 


monoxide—1.5% by volume 


Exhaust gas concentrations adjusted to a dry-exhaust volume containing 
no more than 15% by volume of carbon dioxide and carbon monoxide 
combined . . . Hydrocarbons and carbon monoxide both to be measured 
by a non-dispersive infrared analyzer or equivalent method. 

A special session of California’s legislature has been called for Feb | 


to put these standards into law. This 


action is expected to lead to the 


answer: which anti-smog device will be acceptable to California? And 
elsewhere, too—because the auto industry assumes other areas will follow. 


New Yorx—The 
Board of Health 
the air for designers of automobile 
exhaust-control devices by setting ex 


State 


cleared 


California 


has finally 


haust-emission standards that require 
an 50% reduction in average hydro 
carbon emission and 60 reduction 


in carbon monoxide emission 
The inclusion of carbon monoxide 
which make 


set of standards is sure to favor direct 


doesn't smog) in this 


flame afterburners over catalytic types 
But 


show 


engineers say catalytic burners 


great promise for combatting 
includes carbon 
Los Angeles it 


is reaching an alarming rate of toxic 


smog California 


monoxide because in 
concentration 

hese aspects of the smog problem 
were not mentioned in the California 
decree 
@ No standard was set on hydrocarbon 
emission from automobile crankcases, 
estimated to account for between 40 
and 70% of the total hydrocarbon 
emission from cars today. 
e No mention was made of nitrogen 
oxides, which, when mixed with hy- 
drocarbons in strong sunlight produce 
acrid gases and vapors, notably ozone. 
These vapors cause Los Angeles’ no- 
eye-scorching smog. ‘The 
Board reports that not enough data 
is available to determine a standard 
for nitrogen oxide emission. 
e No system of inspection was de- 


torious 
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cided on in case the legislature decrees 
that old as well as new cars must meet 


new standards 


INDUSTRY PREPARED 


the automobile industry 


has spent some $6 million since 1953 


Because 


on air-pollution research, it wasn't 
caught napping by the Califormia 
edict. It has a number of automotive 
smog-control devices from which to 
choose 

Least expensive, but too much in 
conflict with human nature, is better 
Chrysler Corp re 
test 
demonstration 


car maintenance 
conducted a 


well-maintained 


cently comparing 
cars 
with a group of cars less carefully 
maintained. Results showed the dem 
onstration cars emitted 50% less hy- 
15% 


inspection 


drocarbons and burned less 


gasoline. Obviously, an 
system to enforce proper maintenance 
of cars would do much to diminish 
smog, but would be costly. 

Front runner among exhaust con 
trol noncatalytic after 
burner designed by Thompson-Ramo 
Wooldridge (TRW) for Chrysler. A 


small heat exchanger in the burner 


devices is a 


concentrates enough heat to consume 
more than 90% of the hydrocarbons, 
70% of the carbon monoxide. 
be located anywhere along the exhaust 
path. 

Said to be more effective than cata 


It can 


EXHAUST MANIFOLD ANTI-SMOG 
DEVICE, developed by Cleveland Lab- 
oratories of Thompson-Ramo-Woold- 
ridge Inc, uses heat exchanger to burn 
up automotive hydrocarbons. Ex- 
changer is combined with the exhaust 
manifold to burn gases in the engine 
Device is called superior to an earlier 
designed TRW high-temperature after 
burner; the latter required special pro- 
tective metals which boosted price to 
$300 per unit. Manifold control device 
would cost one-third but must 
undergo further 


less 


testing 


lytic types, it can be counted on to 


operate at least 25,000 miles without 


losing effectiveness. However, it must 
function at 1500 | 
cial protective metals 
price to $300. TRW 


signed a simpler version, combining 


his requires spe 
boosting unit 


has recently de 


the heat exchanger with the exhaust 


LOW-TEMPERATURE CATALYTIC 
BURNER developed by Ford Motor Co 
vanadium pentoxide as catalyst 
and is considered cheapest of proposed 
anti-smog devices—$100 per unit. But 
it wears out after 15,000 mi and is in 
effective against carbon monoxide 
Like all catalytic burners, Ford’s de 
pends on generation of heat by cata 
lytic oxidation of combustible 
stances as they pass through catalyst 
bed. Air must be admitted in proper 
relation to composition of exhaust gas 
and temperature of the catalyst; time 
of contact catalyst and ex 
haust gas must be carefully regulated 


uses 


sub- 


between 





MX-2 CATALYTIC CONVERTER 











THE ENGINEERING WEEK 





d SIO TIE d bi 


HIGH-TEMPERATURE CATALYST, now under test by General Motors, was 


developed by 
reveal 


Oxy-Catalyst 
nature of the 
and is not 
Houdry catalytic 
but wears out after 


Corp. 
catalyst 
inactivated by 


says 
metals lead 
15,000 mi; 


manifold so tl e gases are burned 


n the engine where exhaust stream 
s hottest. The 
ll for 
Least expensive is Ford Motor C 


ul OI 


revised model should 
ibout $100 less 


cylinder-shaped _ catalvtic 


This 50-lb 


vanadium pentoxide catalyst 


contains a 
Requit 
ng no more insulation than a conven 
tional muffler, the Ford 
rates at relatively low temperatures 
700 to 900 I 


rer unit 


burner op 


It burns between 60 
to 80% of the exhaust hydrocarbons 
ind, more important, 70 to 90% of 
the olefins—most troublesome of the 
However the fact that 
against carbon monox 
ide will limit its use in California. It 


] 5.000 mile S 


hy drox arbons 


t is ineffective 


uid to wear out after 
Another catalytic burner, now being 
tested by General Motors, eliminates 
ind has a life 
miles. It was 


Oxy-Catalyst of Wayne, 


10% of hvdrocarbons 


xpectan \ ot 15.000 


Fresh oir entry 
thru breather 


volve 


Veniilation 4 


Blowby gas 
return to 
combustion 
chomber 


Stondord 
yentilotor 
Orott tube 


Exit to 


ofmosphere --* 


Its creator, Dr Eugene Houdry, declines to 
only 


that it 
sulphur 


does not contain precious 
and phosphorus compounds 


burner eliminates 90% of hydrocarbons and carbon monoxide 
price $200 per 


unit. 


officials still won't di 
of its catalyst. The 
same size as the Ford 


Penna, whose 
. 


vulge the 
unit is the 


nature 


burner but operates at higher tem- 
peratures—900 to 1200 F. Special in 
sulating materials increase its price te 
ibout $200 

Most catalytic 
devices is produced by 
American Thermocatalytic Corp 

ATC), Mineola, NY. The catalyst 
is molded into a porous ceramic cyl- 
inder instead of being packed in a bed 
of pellets 
hollow 


unorthodox of the 
Pyrocore, 


Gases pumped into the 
center react in flameless com 
bustion as they pass through the pores 
Lab 
streams 


exhaust 
the burner eliminates 
99% of the carbons, leaving little for 
ATC 
Pyrocore in be produced to 
last the lifetime of the car 
for less than $50 


California 


tests on automotive 


prove 


nitrogen oxides to mix with 


Says 


ind retail 


Once selects a 


DEVICE TO CONTROL “BLOW-BY”, 
(hydrocarbon fumes that escape from 
the automobile crankcase) consists of 
a fitting about the size of a sparkplug 
that into a small hole drilled 
and tapped into the intake manifold 
Fitting contains a simple spring-loaded 
valve that reduces the size of the pas- 
sage into the manifold when manifold 
pressure decreases. Tubing carries the 
fumes from the crankcase filler to the 
fitting, and into the intake manifold. 
Although the device costs less than 
$10 per unit, it will reduce total hydro- 
carbon emission by one-third. 


screws 


the car industry has agreed to share 
details of its individual de 
According to the Auto 
Manufacturers Assn, the in- 
into the 


design 
velopments 
mobile 
has no desire to go 


S 


dustry 


burner business 


CRANKCASE EMISSION PROBLEM EASIER 


The problem of crankcase hydro- 
carbon emission (said to be 500 tons 
daily in Los Angeles) has been solved, 
reports the AMA. The industry has 
developed a system of piping and 
which vents crankcase fumes 
(blow-by) back into the engine to be 
burned in the cylinders. Actually, the 
technique has long been standard in 
many foreign cars. 


valves 


Experts disagree as to how much 
of the total hydrocarbon emission of 
could be reduced by re 
cycling these gases back into the en 
gine. Some say 70% 
less. 


today’s car 


_ others say much 
But the system will be installed 
as regular equipment on all 1961 
model cars at an estimated cost of $10 
per unit. 

An approach aimed at covering 
both crankcase and exhaust fumes has 
been developed by Ralph M. Heintz 
retired Cleveland engineer. He would 
replace the carburetor with auxiliary 
combustion one for 


chambers, each 


cylinder. From these chambers just 


enough burning fuel would be fed 
into a large excess of air in the cylin 
der to 
Result 
lhis approximately 
70% of the hydrocarbons but the cost 
of engine redesign would be consid 


meet engine needs 
efficient 


remove 


power 
more combustion 


would 


erable 


OLD CARS TOO? 


Perhaps the knottiest problem th 
California legislature must solve is the 
matter of applying standards to pr 
1961 models will not b 
easy to install on old cars. Mufflers 
will have to be replaced with burners 


and a small blower must be mounted 


Burners 


in the engine to furnish extra air for 
burning exhaust fumes 

installation, the 
state must establish an inspection sys 


lo implement 


tem. Los Angeles alone would requiré 
some 1000 inspection stations, a con 
siderable Each station would 
need inspection equipment. Some de- 
vices easier to test than 
others instance, in afterburners 
the temperature of the housing im 


cost. 


would be 
For 


PRODUCT ENGINEERING + FEBRUARY 1, 1960 








ontinuous fue 
yection 


Timed spork 


Precup 
































REDESIGN THE ENGINE, suggests 
Ralph M. Heintz, retired Cleveland 
engineer, who has developed a “Strati 
charge” Combustion system to rid car 
exhaust of hydrocarbons. System em 
ploys continuous fuel injection and 
makes a stratified-charge engine out 
of a standard engine by elimination of 
the carburetor and with changes in 
head design. Combustion takes place 
in two interconnected chambers—in a 
small precombustion chamber engi- 
neered to fit in the sparkplug well, and 
in the cylinder itself. The small cham- 
ber has a separate inlet valve. Under 
light loads, fuel and air are pumped 
only into this chamber. A sparkplug 
ignites the mixture in the chamber, 
from which it explodes into the larger 
ene. Under heavy loads, additional 
mixture is pumped into the chamber 


mediately indicates effectiveness. Cat 
alytic devices would probably have to 
a relatively 
The 


cost as 


be tested by gas analysis, 
ind more involved method 
ould 
much as $10,000 per unit. However, 
Perkin-Elmer Corp, Norwalk 
markets a that 
1 reading on emission of hydrocarbons 


slow 


necessary equipm<¢ nt 


Conn 


now device can take 


in less than a minute. It retails at 
$1475 
Should the 


concentrate 


decide to 
1961 


would 


legislature 
standards on ind 


ifter models, relief not 


smog 
For instance, 
which has 3,100,000 


be apparent for years 
in Los Angeles 
turnover of 


cars, passenger vehicles 


is only 50% in six years, only 85 
in 12 years 

The problem of smog, paramount 
in California, is on the rise in other 
municipal areas throughout the US 
where trafic is heavy and tall build 
ings block the circulation of air. ‘These 


areas may follow California’s lead 


US Seeks Master Roster 


of Scientists, Engineers 


W AsHINGTON—A full-grown science 


manpower listing 90% of 
the nation’s scientists but fewer en 
gineers 


National 


means of keeping track of the nation’s 


register 


has been proposed by the 
Science Foundation as a 


science needs and getting ready for 
any national emergency 

In a critical self-analysis requested 
by the House Space Committee, NSI 
acknowledges the inadequacy of the 
existing and recommends 
doubling the budget to about $2 mil 


1965 


register 


ion a year by 
rhe present register, based 
formation collected during 195 
170,000 of the 
300,000 scientists, plus a “finders’ list” 
of 20,000 out of the nation’s 850,000 
The think 
in effective register should cover 90% 
of the scientists, but the 
which professional engineers should 
be included 


Covers only nafi yn’s 


engineers administrators 


extent to 


“is a serious problem.” 
Engineers’ jobs range from high levels 
of scientific creativity to relativel; 
routine technician-type work 

NSF. It is working with 
Engineers Joint Council for a 

rate report, due in mid-1960, on how 


the 


SsavVs 
the 


sepa- 


now 


engineers should be handled in 
register. 

The register would quickly locate 
hard-to-find scientists in various cat 
gories in case of a national emergen 
In peace time it could help the gov 
ernment find qualified men with pai 
ticular But than 


that, it would supply statistical infor 


specialties more 
mation on supply and potential sup 
ply of different 
including levels of training, knowledg 


types ot scientists 
of foreign language, and the like. In 
formation about shortages 
to steer students into those fields and 


guide the government in its science 


could serve 


manpower polic 1€S 
Data 


industry 


would be collected annualh 


from universities and go 


, 


ernment agencies, showing totals and 


trends of growth utilization for thes 
professions 

Names and information for the reg 
ister at present are drawn mostly from 
questionnaires sent out to member 
ship lists of professional societies. The 


up-coming 1960 census would provide 
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i much wider bas« 


i NSI 
could follow up for detailed informa 


isting, wh 
tion voluntar 

One chief difficulty of using the reg 
ister to date has 


id by the 


Replies would be 


been that informa 


tion is time it's compiled 


But new processing and tabulating 


equipment installed during 1959 ha 
greatly speeded compilation. Futur 
plans call for keeping files up to date 


ind releasing information annualh 
More « omple te data can al be han 
stem 


dled under the new s\ 


Proponents emphasize that the r 


would be maintained for nationa 


not commercial—needs 


never, they say, serve as an 
ment agency for private industry 
For a potential national emergenc 

the register would be invaluable. The 
need was first recognized just befor 
World War II where the government 
found it had little 
about its scientific personnel r 
urces. A quick roster under the di 
tion of Dr 


director of the 


precious informa 


hion 
Leonard Carmichael 
now Smithsonian In 
stitut was compiled with about 

Draft boards worked 
register to try to stec 


1] 
minion Names 


closely with the 


entists into useful slots. Though 


failed spe 
administrators hope that 


the effort sometimes 
tacularly 
with an improved and continuous reg 


ster in operation the situation won 
ve : ad e 


/ 


Tonnage of Plastics 
to Outpace Cu and Al 


New Yorx—Mor 


istics will be produced in the US 


than 3 million tons 


ording to the Societ 


: : 
during 1960, a 


the Plastx Industry Its predic 


tion. which puts plastics well ahead 


opper and aluminum, includes res 


well as molding compounds 


Of the individual resins, polvethy 


ne now leads with more than 4 mil 
yn tons annually; second is the viny! 


rroup; third is polystyrene, just un 
der the 4 


The 1959 figures show plastics pro 


million mark 


duction at 2.8 million tons, aluminum 
it 2.4 million be 
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Ike Budgets Record $8.4 Billion for 
R&D, Congress May Add More 


\W ASHING roN——Federal outlays for re 


earch and development will climb 
$450 million over last vear if Congress 
hkavs the new 1961 budget as submit 
|. Even with congressional tamper 
that is sure to come in many 
tions of President Eisenhower's 
udgeted plans for the government, 
the odds are that no money will be 
sliced from research. 
In fact, with the politically angled 
lk growing about the so-called US 
pace and missiles behind the 
the legislators may want to 
dollars and effort to R&D 


crams in these fields 


Russians 


ag more 


Here is how the budget shapes up 


, 


goes to Congress. Federal ex 


venditures for research and develop 
nent are estimated to be $8.4 billion 
fiscal 1961—starting July 1. This 
$450-million increase over this 
estimated expenditures, and 
billion more than was spent in 
59. (PE—Dec 4°59, p 13 
Research toward 
urity needs of the nation account 
r over four-fifths—$6.9 billion—of 
deral outlays. Lion’s share of this 
naturally falls to the Dept of 
Atomic Energy Com 


geared national 


mse The 
is the 
Although 


med primarily for national defens« 


ssion, accounting for 13° 


xt biggest contributor. 


irposes, much of the benefits from 
ind AEC research find their 
civilian use just as does 
h of the research started for non 
nilitar\ 


l'edera 


reasons 
| expenditures for nonmili 
type programs in 1961 are esti 
ed to run around $1.5 billion 
biggest share coming from the Na 
tional Aeronautics and Space Admin 
tration for space exploration. Next 
urgest spender will be the Dept of 
Health, Welfare. 
Mainly this is for medical research 
nducted by the Public Health Ser 


e. Other government agencies with 


Education and 


substantial research programs incluck 
the Federal Aviation Agency, Dept of 
Commerce, National Science Founda 
non 

Federal expenditures for basic re 
irch in fiscal 1961 are estimated at 


18 


$600 million, up $100 million over 
the current year’s estimated expendi 
tures. Of the total R&D 
expenditures, about three-fourths goes 


federal 
to private industry and universitics 
through contracts and grants 

R&D programs ov 
specific government agencies: Dept of 


Here are the 


Defense has budgeted some $3.9 bil 
lion for research, development, test 
ind evaluation for fiscal 1961. Efforts 
will be continued on development of 
tactical aircraft. The B-70 and nucleat 
powered aircraft are the standouts 
But in this field, particularly for th 
B-70, the Air Force top brass don’ 
think enough effort is being expended 

and they will trv to convince Con 
gress. (PE—Jan 4, p 13 

Missiles and related 


however, will get the biggest share « 


equipment 


the Pentagon's research money, som 
$1.5 billion. Although specific dolla: 
outlays for individual programs arc 

tightly 
will push development of the Army’ 
Nike-Zeus antimissile missile. Atla 
and Titan ICBM programs will be 


stepped up 


guarded secret, the militar 


Pressure for this is com 
White 


where Pres Eisenhower has indicated 


ing already from the House 
he wants a 1/3 increase in production 
f these missiles. Congress, too, will 
have much to say on the matter. The 
Atlas program is rapidly moving out 
of the R&D stage, but Titan is still a 
long way from becoming a production 
item. The goal, however, is to get 
Titan production underway by the 
end of 1961. (PE—Jan 18, p 15) 
Antisubmarine warfare is slated for 
in 5° 


though no 


increase in spending. Al 


comparative hgures are 
ivailable for total dollar outlays, it is 
estimated to be in the billions. Cen 
tinued work will be done on such 
things as nuclear depth charges, both 
fixed and mobile submarine detection 
devices, and new—but unnamed 

antisubmarine weapons suc h as surtacc 
ind sumarine-launched antisubmarine 


The SUBROC and ASROC 


antisubmarine 


missiles 

missile systems com 

prise at least part of this program. 
In military space 


the NASA’s programs 


separate from 
work will b« 


Administration's Budget Shows 
Trends in Research, Development, 
Evaluation and Testing 


(Millions of Doliars) FY 1960 FY 196! 


Defense Department 
Military Sciences $549.1 $535.2 
Aircraft 502.0 446.2 
Missiles 1,498.3 1,481.6 
Military Space 408.0 318.0 
Ships, Small Craft 164.4 151.5 
Ordnance, Vehicles 198.9 177.5 
Other 558.3 460.5 
Management Costs, 
Emergencies 389.4 381.0 
Total 4,268.4 3,951.5 
Atomic Energy Commission 
Total 1,007.2 
NLA. S.A 
Aeronautical & Space Res. 27.5 61.3 
Scientific Space Investiga- 


1,054.4 


tion 
Satellite Agplications 
Aanned Space Flight 
Vehicle Systems 
Technology 
Propulsion Technology 
Vehicle Development 
Tracking, Data Acquisition 
Total 
Federal Aviation Agency 
Total 
National Bureau of Standards 
Total 
National Science Foundation 
Total 
Maritime Administration 
Total 


continued on the four military sat- 
ellite systems, MIDAS (an early warn 
ing system SAMOS 
sance NOTUS (communications), 
and ‘TRANSTIT1 

Money for the military's Dynasoa 


( reconnais- 
(navigation ). 
program—a manned, ground-launched 
vehicle with near-orbital capabilities 
will be increased by 50%. The mili 
tary will continue to pump research 
money into development of mor 
advanced liquid and solid-fucl pro 
pellants, advance guidance and com 
munication systems, and similar mi 
sile-space programs. 

The NASA will put its biggest 
efforts into 
booster developments such as the 
Saturn and Centaur 
signed to 


aerospace high-thrust 
programs, de 
produce over a_ million 
pounds in thrust. In the field of 
vehicle structures, the federal spacc 
agency will concentrate on heating 
vibration and the structural integrity 
of space vehicles 

Next to propulsion in 
ammount of dollar outlays for th 


NASA will be work on the man-in 


vehicle 
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NEW FASTENER GUIDE 


for Spacecraft, Missile and 
Power Plant Engineers with high 
temperature assembly problems 


New ESNA* 80-page guide reflects fifteen years 
of research and design experience as the original 
producer of high temperature self-locking nuts 
for the gas turbine industry. 


INDEX PROVES CATALOG’S VALUE: 


Scction 1—First 17 pages contain a resume of techni 
cal data pertaining to high temperature terminology 
and such phenomena as stress rupture, creep, relaxa- 
tion strength and other vital subjects you should con- 
sider before specifying 

Over 50 pages of fully detailed standard drawings 


Section ii — Fasteners for use to 900° F 





Section tii —- Fasteners for use to 1200° F 








Section 1V—High performance fasteners for use to 
1200° F 


Section V — Fasteners for use over 1200 





Section Vi -- General production and design data cov 
ering the use of shank nuts for interna! bolting appli 
cation in gas turbine engines 





Section Vii — Design data covering the application of 
circular gang channel on gas turbine flanges 





ELASTIC STOP NUT CORPORATION OF AMERICA, 
Dept. $-41-27, UNION, NEW JERSEY 














Please send me now ESNA High Temperature Design 
Catalog +5918 


MAIL COUPON TODAY! 


Firm. 


ELASTIC STOP NUT CORPORATION OF AMERICA — 


City. 
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Over-all $300-million Decrease in 
Military R & D Appropriations 
Projects % Change 


Air Force 

Samos: Recon. satellite 
Midas: Early Warning sat 
Dynasoar: Manned hi-alt. fit 
Minuteman: Solid-fueled ICBM 
B-70 supersonic bomber 

Air Force—AEC 

Atomic aircraft engine 

Navy 

Eagle: Air-to-air missile 
ASROC: Anti-sub missilk 
I'ransit: Navigation satellit 





Army 

Pershing: 500-mi tactical ms] 
Sergeant: 100-mi tactical msl 
Notus: Communication satellit 





i ie ° envy Buty Zeus: Anti-missile missile 
Precision Built po oma 
4 | space program, project Mercury. Ta 
For Better : get here is actual manned flight som 
time in 196] Funding for th 
program in fiscal 1961 is slated at 
QUALITY $107.7 million compared with $86.9 
million this year. This could bring 
project to the operational phase 
; , P The Federal Aviation Agency will 
ROCKFORD Precise Workmanship provides clutch Jectititite ie sind dines yain 
levers that reduce friction, improve release action and in the field of air safety. This includes 
* a . ed radar systems, better data 
prevent lever throw-out. These wear-resisting, life- an ag ~ , 


3 acquisition systems, etc 
lengthening clutch features are covered by patents National Bureau of Standards will 


t 
oO 


and are essential to designs that must be projected spend the bulk (some $7 million 


. its Ow ‘y in pl and cl 
with a thought to uses of tomorrow. ROCKFORD ee 
tronics. Radio propagation gets th 


CLUTCHES provide the advantages of heat-treated, next largest chunk of money with 


hardened and ground steels—flat, non-grab facings— $4.3 million budgeted here. Chen 
istry ahd metallurgy are earmarked 


heat dissipation—dirt exclusion—and fine accurate for $4.0 million, with mechanics and 


adjustments. ROCKFORD engineers now are working engineering to get $2.3 million 

F - z ‘ TT . - s are . the 
with many companies on their future designs—to pro- These programs are funded from th 
Bureau’s own budget; however, th 
bulk of its efforts is done for outsid« 
economy. Their services are available to you at your | concerns with funding coming fron 


them. Thus, NBS research work al 


vide custom-engineered clutches for long range 


convenience. 
ways far exceeds its budget. 


SEND FOR THIS HANDY BULLETIN Of the $190 million budgeted ‘ 


National Science Foundation, 


Shows typical installations of ROCKFORD tually all will support research projects 
CLUTCHES and POWER TAKE-OFFS. Contains in the fields of science and scientifi 
diagrams of unique applications. Furnishss [= manpower. The number of grants to 


, . : universities, nonprofit organization 
capacity tables, dimensions and complete aml, vay 

é . etc. due to be supported by NSF in 
specifications. 


— 7 
ROCKFORD? 
cuuteHes 
power 
TAKE-OFFS 


fiscal 1961 is estimated at 2075, com 

ROCKFORD Clutch Division BORG-WARNER pared with 1900 during the current 
209 Catherine St., Rockford, Ill., U.S.A. | iscal year. Some 31,525 institutes for 

Export Sales Borg-Warner International — 36 So. Wabash, Chicago 3, Il. idvanced study in science and mathe 
matics will be supported in 1961, and 


3763 fellowships are expected to be 
warded. This is roughly the same 
level of support as this year. a 
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‘Any drawing out of 
thousands found in 





a minute or less!” 


See how Recordak Precision 
Engineering Drawing System 
speeds engineering and drafting 
routines for Cook County, 
Illinois, Highway Dept., now 
engaged in a multi-million-dollar 
highway expansion program. 


Mr 
Record 
for Cox 


FIRST STEP for Cook County was to put its tens of 
thousands of drawings on mm Recordak Microfilm, 
using techniques and quality-control methods de- 
veloped by Recordak through vears of research. Th 
resulting negatives are needle-sharp images with re- 
markably uniform backgrounds. Mounting each fram« 
in its own Filmsort aperture card completes job 

RESULTS: New “microfilm” drawing file takes 

less Space Mak $s relerence in film reader a snap. I nds 
need for costly reference blueprints that clog up thi 


hiles! 


Reduced-size paperprints, when needed, ar 
made Dy photograp! ic, xerographic or electrostati 
methods. Another advantag a positive film copy 
ol master negatives | cs security copy at neg 


ligible cost 


Why not see for yourself? If you're interested i 
greater drafting room or general office efficiency and 
want to save valuable time, you should talk to 

Recordak R« presentative soon. Free booklet also avail- 


able. Mail coupon today 


eeeeeeeees* MAIL COUPON TODAY ++++++eeeeees 


RECORDAK CORPORATION EE-2 
415 Madison Avenue, New York 17, N. \ 
Gentlemen: Send free booklet describing new Re« ordak 
Engineering Drawing System. No obligation whatsoever. 


SRECORDERK* 


(Subsidiary of Eastman Kodak Company) 


Name 


Company ———__ 


originator of modern microfilming 
—now in its 32nd year 


I A aS = 


City Zone State 


eeeeeree eee eee eee e eee eee eeeeeeeeeee ee eee ees 
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ins & Myers Calculates 
a New Motor Design 


EVERY 1 to 6 MINUTES! 


ReaM Engineers Explore Hundreds of 


Design Combinations to Achieve 


OPTIMUM MOTOR PERFORMANCE! 


How many ways could a motor be de- 
signed — a polyphase motor, for ex- 
ample? At least 27 basic variables offer 
2727 (30 zeros) possibilities! Theory, 
of course, but still there’s a colossal 
number even after obviously impracti- 
cal designs are ignored. Working with 
slide rule, an engineer can calculate 
maybe four designs per day... and 
that’s the time-consuming way it was 
done once. But now RosBIns & MYERS 
engineers can explore hundreds of de- 
sign possibilities, using their Data 
Processing System. With infallible ac- 
curacy, IBM’s 20,000 digit “Magnetic 
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Memory” is able to calculate a new 
motor design every one to six minutes! 
Because R&M engineers can now ex- 
plore hundreds of design combinations 
before they make a final decision, you 
get the one motor that will deliver op- 
timum on-the-job performance! And 
at no extra cost! 

“Mechanized” mathematics at Ros- 
BINS & MYERS also gives engineers 
more time for design vision and deci- 
sion, which no machine can possibly 
provide ...and enables them to im- 
prove existing motors by probing alter- 
nate design possibilities. 


If you are ordering integral or frac- 
tional HP motors, or series motor parts, 
remember this fact: the greater the 
number of practical design possibilities 
the manufacturer explores before the 
motor is produced, the better the motor 
will perform! When your motor comes 
off the assembly line at Ropsins & 
MYERS, you can be certain you are get- 
ting the best design possible, perfectly 
adapted to your requirements, and 
quality-built to perform dependably 
for years to come! 


ROBBINS & MYERS, INC. 


motors, household fans, Propellair industrial fans, hoists, Moyno industrial pumps 
SPRINGFIELD, OHIO + BRANTFORD, ONTARIO 








Desien answers in seconds from IBM 
20,000 digit magnetic memory! 


Integral Motors (left), range from | to 
200 HP in single-phase, direct current, 
polyphase, totally-enclosed fan-cooled, 
and explosion-proof types 


Standard Fractional HP Motors (right), 
are available in polyphase induction, ca 
pacitor start, resistance split-phase, and 
permanent split capacitor, in open and 
totally-enclosed types 


Precision-Made Universal Motors and 
Series Motor Parts (left), enable manu- 
facturers of electric power-driven equip- 
ment to make the motor an integral part 
of their product 


Business Machine and Commercial Ap- 
pliance Motors (right), are available in 
standard or custom designs 











tHe question: Will Plastics Take 


“Certainly .. . 


but they'll also help make markets for us! Our company believes in selling 
the best material for a particular application. We expect our customers 
to use the same philosophy in purchasing, so it would be presumptuous t 
believe that new plastics will not replace our metals in certain applications 
hey’ve done so in the past, for example, in air conditioning unit drip 
pans, certain fuel lines, toilet ball cocks, etc. In each case however, they 
have taken only that share of the market where they provide equal perform 
ice at less cost. 

“On the other side of the coin, plastics have helped us to improve our 
markets, to create new ones, and in some cases to expand our product lines 
Process plants of the plastics industry require tons of heat-exchanger tubc 
and process tube and pipe, as well as our Duplex bi-metal tubes for sever 
corrosion problems. In this case, one of our major markets has been 
expanded. Plastic coatings and protective films have helped us increase th¢ 
amount of solid copper and brass in the home furnishings field. Finally, 
plastics have helped us develop an entirely new line of products—painted 


Irving M Malsch 
General Sales Manager : : , 
Bridgeport Brass Co of pastel colors using certain types of plastics in the base formulations 


aluminum strip. We now produce aluminum strip painted in a wide rang< 


Similarly, brass and copper consumption have increased steadily through th« 
years and shall continue to do so. Frankly, I believe plastics will help us 
more than hurt us.” 


“Plastics will displace steel . . . 


in some cases—not because plastics are generally superior but because they 


offer a combination of properties that are more suited to some applications 
than are the properties of steel. However, because steel provides the widest 
range of properties at the lowest possible cost, there seems little danger 
that this loss to plastics or to any other competitive material will be large 
or damaging to the steel industry. In fact, every day our rapidly advancing 
technology demands more of those properties which only steel can offer— 
ultrahigh strength for aircraft and missiles, heat resistance for gas turbines, 
corrosion resistance for atomic reactors, high strength at low cost for bridges 
and buildings. 
“Steel’s properties are being continually improved by basic and applied 
research throughout the industry. Interestingly enough, in some cases 
improvements are made by combining other materials with steel. Vinyl- 
coated steel sheets which are available today have the strength and rigidity 
of steel as well as the color, texture, and abrasion resistance of vinyl plastic. 
Looking to the future, consider the many potential applications for steel Bay E Estes 
precoated with a plastic that will provide protection and lasting beauty Vice President, Marketing 
without any maintenance. Not only is steel in a strong position in compe- US Stee! Corp 
tition with plastics or any other material, but both steel and plastics are 
benefiting from the growing materials market.” 
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Markets From Your Materials? 


“There are few markets . . 


where plastics have superseded glass I'wo obvious areas: the aut 
tail light and the squeeze bottle.) Glasses and plastics are basically different 
materials with basically different properties. Generally, today’s glass compo 
sitions and new glass-ceramics exceed plastics in chemical, thermal, electrica 
and—in some cases—mechanical properties Therefore, they are finding 
uses in areas entirely afield from those in which plastics are specified. Each 
material will continue to have its own fields of use; neither will be replaced 
by the other 

“The glass industry is expanding its research efforts The design 
engineer can anticipate new materials that are stronger, lighter, more heat 
resistant and easier to design into his products Chis broad research pri 


; 


gram has produced experimental glasses and glass-ceramics with tensile 


strengths of 75,000 and 100,000 psi lemperature resistan is being 
| | 
extended; there are several glasses capable of use at 1800 I Thermal shock 
resistance has been raised to a point where these glasses are immune to 
breakage from sudden temperature change 
. one5 ‘ 5 
John R Blizard “nN ; ; , et 
" " . y 9 onomicai to ré ice 
Mgr. Product Engineering Dept New glass-manufacturing processes are making it economica pro 


Technical Products Div larger and lighter pieces. These methods have reduced piece weight in 
Corning Glass Works 


some instances by 50 percent. Better control of hot-forming processes 
reducing manufacturing tolerances. ‘Tubular shapes, for example, can | 


hot formed to tolerances of less than 0.0005 in 


*-* 


In fact, we're spending time, money and talent to ‘marry’ aluminum with 
plastics. Aluminum is the most versatile of all metals. By combining it 
with plastics, this versatility can be greatly enhanced 

“One of our major products today is Alply, a wall panel composed of a 
thick layer of foamed plastic sandwiched between sheets of aluminum 
We also are developing other building products, backed with plastic to 
give better insulation, moisture resistance, and rigidity. 

“Plastics are helping us to develop new applications for aluminum foil 
for containers and packaging of all types. For example, tobacco pouches, 
cosmetic containers and packages for soaps, chemicals, petroleum products, 
and foods. 

“In the electrical field we are counting on plastics to help aluminum 
provide ideal insulation for wire, cable, motor windings and other applica 
tions. We are only beginning to see the many benefits which we, as 


aluminum fabricators, and the public, as consumers, can expect to derive in Vice President, Sales Development 
and Industry Sales 


the years ahead from the happy combination of plastics and aluminum pentane in: a teens 





Next week, PRODUCT ENGINEERING will ask plastics companies, 


“Have metals taken markets away from plastics?” 
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Bring out the FULL MAGIC of your own engineerin 


Oo 


know-how with Special RELLAND Motors 


Don’t ever let a complicated drive requirement stymie 


your own ingenuity. If you have a design idea, go right 


ahead with it...leave the motor adaptation to Reuland. 


Reuland cut its eye teeth in the motor business, many 


years ago, by supplying special motors for new design con- 
cepts. And, while our company now supplies many thou- 


sands of standard motors each year, we have never lost 


sight of the industry’s continual need for something new. 


Reuland’s basic “Xpandable” design is ideally suited to 


special adaptation. For example, there are well over 2000 
special designs in the Reuland Special Motor Library... 
one of which may very likely be close to something you 
may need right now. 


Whether you are doing futuristic doodling. ..or designing 
for immediate production...cash in on your own creative 
designing talents. A single experimental motor, or a pro- 
duction run, will receive the same well known Reuland 
spirit of cooperation. Why not check into what we say. 
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MULTI-DRIVE MOTOREDUCER 

Shown here is a typicai example of a 
Reuland multi-drive unit, as adapted for 
use On a screw conveyor bag filler machine 
The primary motor turns the screw for 
high speed filling. For final, 

precision filling, a D. ¢ 

clutch cuts in the 128 r.pm 

Motoreducer. Speed reduc 

tion ratios of as much as 

100: 1 are available. 


5-STAGE DRIVE CYCLE PACKAGE 

A complete, five-stage operating cycle is 
handied by this one drive package 
(1) 100 r.p.m. forward run, (2) immedi 
ate stop, (3) fluid-cushioned start again, 
(4) reverse direction and (5) return at 200 
r.p.m. The complete cycle is accomplished 
by an internal fluid coupling...two-speed, 
reversing duty motor, gear reducer, and 


magnetic brake...within one frame! 


STALL DUTY TORQUE MOTORS 


Reuland torque motors can be stalled or 
“locked” into a load with full current on. 
The units also automatically adjust their 
speed to intermittent load changes. Output 
torques can be changed, as desired, through 
the use of voltage varying devices. Avail 
able in ratings from through 10 foot 
pounds ...for maximum stalls of 5, 10, 20, 
60 minute and continuous 





SPLINE COUPLED PUMP MOUNT MOTORS 


Reuland spline-coupled hydraulic pump 
mount motors feature a direct connection 
between the pump and the motor’s shaft 
inside the motor. The installation is made 
by simply slipping the spline coupling onto 
the pump shaft...and attaching the pump 
to the endbell. The unit eliminates flexible 
couplings and platform mounts. Reduces 
mounting space almost 50%. Assures per 
fect alignment, automatically 


‘ { 





MACHINE TOOL MOTORS 


These precision machine tool motors are 
a completely new type, especially made for 
the machine tool industry. They are com 
pact in design and built to precise specifica 
tions like a fine tool. Their individual 
dynamic balancing...heavy duty ball bear 
ings... low inertia, lightweight rotor... and 
even smooth-finished castings, make them a 
match for the most expensive machine tool 





HOLLOWSHAFT WORM MOTOREDUCERS 


rhis unique, right-angle Motoreducer fea 
shaft that permits direct 
coupling to equipment by merely inserting 
the drive shaft of the machine. No other 
mounting arrangement ts required, except 


the torque arm which serves as an “anchor 


tures a hollow 


for the Motoreducer. Eliminates the need 
brackets, or belt and chain 


in very tight areas 


for couplings 


drives. \lounts 


/ 


MODERN POWER FOR MODERN-DAY PRODUCTS 


all in lightweight aluminum frames! 


REULAND 
MOTORS <~ 








FLUID-SHAFT BRAKEMOTORS 


Reuland Fluid-Shaft motors eliminate 
shocks and jerks and provide a smooth, 
gradual, stepless method of load accelera 
tion. Power is transmitted through an in- 
ternal fluid coupling and all starting iner- 
tias are absorbed in a cushion of oi!. The 
magnetic brake 
mounted on the output side of the coupling 

permits extending the motor shaft right 
through for load hook-up 


Reuland “doughnut 





MULTI-SPEED MOTORS 


Basic designs consist of three predeter 
mined speed rating selections; 2-speeds 
3-speeds and 4-speeds. The motors are also 
available with three torque-horsepower 
speed combinations. (1) Constant torque 

h.p. varies directly with r.p.m. (2) Vari 
able Torque 
ate to the square ol the speed and (3) Con 
stant horsepower...wherever h.p. need ts 


constant regardless of operating speed 


h.p. variation is proportion 
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WESTERN DIVISION 
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DISC-TYPE MAGNETIC BRAKES 
Reuland 


feature a fast and sure direct action princi 


through-shaft" magnetic brakes 
ple. Levers and linkage are eliminated by 
a simple attraction and release action be- 
tween the armature and “doughnut” type 
Available for use with all makes 


of motors in (1) endbell type, (2) foot 


magnet 


mounted and (3) foot mounted—complete 


Our new general catalo 

will come in handy. Sent free 
on request. Describes the 
exclusive Reuland “Xpandable” 
design idea Tells how you 
can benefit by using our free 


Special Motor Library 


REULAND ELECTRIC COMPANY 


Alhambra, California 


EASTERN DIVISION: Howell, Michigar 


Distributors in all principal cities 


J REFER TO SWEET’S PRODUCT DESIGN FILE, SECTION 5A 
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READER TO EDITOR 


Ballbearing Fits 
l'o the Editor 

With reference to 
Nov 9 issue p 154, 
oint of confusion in the 


langents” in the 


you have highlight 
1 mtinuing | 


minds of many ballbearing users—interna 


ersus degree of precision 
Che degree of precision of a ballbearing 
independent of the interna 


Somehow there is an erroneo 


completely 
learance 
mception that bearings with superpre 
ion tolerances have 
learance. As a matter of fact, 
standards apply to dimensional 


minimum imterna 
industry 
tolerance 
haracteristics of 
nce to the amount of internal clearan 
may specify very tight « 


bearings without refer 


Bearimg use 
loose internal fits, or values betwe« 
10se extremes, in bearings of all degre: 
precision, from ABEC 9 down to 
lude ABEC 1 bearings. Designers familia 
th the characteristics of ballbearings ar 
reful to specify the internal fits require 
their particular applications, and bea 
onsider it an obligation 
to find out from the customer enough de 
tails of the application to assist him in 
pecifying the correct internal fits 
Experience has shown that ballbearings 
ith tight internal fits will not run well at 
high speeds. The fits are deliberately mad 
looser for such applications as machine-tool 


ig manufactur 


pindles and aircraft turbines, even though 
the spindle or shaft as finally assembled 
vith the bearings can tolerate no operat 
ng looseness. It is customary here to take 
inwanted looseness by means of light 
nd-thrust loading applied by springs 
Energy ballbearings become 
ippreciable as speeds increase and as thrust 
oading 1s applied 
ther heat sources create thermal expan 
ions in the balls and rings which tend to 
duce the initial looseness. It is easy to sec 
that bearings with insufficient initial clear 
ry rapidly at high speeds 


losses Ih 


These energy losses and 


ance may fail ve 


because of uncontrolled increase in energ 


losses. Henee, moderately loose bearings ar« 
specified for such applications. Bearing 
with even fit may be required 
where heavy end-thrust loads or sever 
thermal conditions must be met 

In the case you mention, it seems fairl 
lear that the problem was caused by in 
sufficient initial internal clearance, not by 
the use of higher precision bearings. The 
combination of higher precision bearings 
und bearings with looser internal fit would 
probably provide even better operating life 

We, too, have found that ball-retainer 
design is most important. A number of 
significant design improvements have been 
made in recent years. These include the use 
of new materials, lighter 
and adequate clearances where needed, all 
aimed at meeting adverse load conditions 
ind temperatures reaching 400 F or higher 
for many new types of aircraft and missile 
accessory devices 

Although “sloppy” bearings may have 
solved the particular problem you cite, I 
hope your readers do not interpret this as 


4 - 
1OOSCI 


cross-sections, 
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meaning that low-precision bearings wiil 
give the same degree of performance at 
high speeds as superprecision bearings, pt 
ided, of course, the latter are correct 
specified in terms of internal loosenes 
T E Rovunps 
Vice presidei t 
consulting engin 


The Barden ( 


Humidity-sensitive Valve 


Io the Editor 

Upon reading the column “Why 

The R & D? Nov 30 p 43 . 

not help but comment on the letter by 

Mr ] Wallinger on “a humidity-sensitive 

hutoff switch for 
his type of switch was used in a dryet 
ide by TEMCO Inc. at Nashville, Tenn 


I know, proved successful 


home clothes dryers.’ 


now about 12 yea 
Acsert E Rust 
Morton, I! 


vhi h I 


Engineers Can’‘t Spell 


lo the Editor 

I seriously disagreed with the unnamed 
vriter on page 39 of the Dec 14 issue, who 
laims that the I 


enginecr ha 
learned to write 


; 


iveTage 
“short, terse, dynamic, in 
eresting essays.” If oul experien € in 
teaching several undergraduate classes in 
CCNY’'s MI 
tion, the 
NOT 
spell 
For every engineer who does not nec 
there 
who do. Don’t be discouraged by one dis 
senter. Keep fighting to preserve the Eng 
h language in its simple beauty 
Lucien R Grew 
New York Cit 


indica 


engineer not only doe 


know how to write—he can’t eve 


Department is any 


ivcTage 


70 rohablw te 
your suggestions are probably ten 


Sublimation of Magnesium 


l'o the Editor: 

In your Oct 19 issue, p 14, Keith 
Glennan, administrator of NASA, is r 
ported as having noted that “in the va 
uum of space magnesium sublimates 
and effectively disappears.” 

Che statement is correct if applied to 
bare, chemically pure magnesium at ele 
vated temperatures, existing in space for 
many years. However, in operational space 
vehicles (such as the Discoverer and Van 
guard satellites), as in other structural 
applications, magnesium is used in alloy 
form, not pure form. Moreover, mag- 
nesium alloys when used in space vehicles 
invariably are coated. Since sublimation 
is a surface phenomenon, the coated parts 
have the sublimation rates of the coating 
material. Space-vehicle parts often are 
plated or metalized with highly reflective 
materials such as gold or aluminum, which 
have very low sublimation rates; or with 
ceramics, whose rates are even lower. 


The amount of sublimation that will 
occur in space depends upon temperature 
of the space vehicle as well as its time in 
space. We have calculated that bare, 
pure magnesium will lose 0.001 in. per yr 
if held in space (air pressure less than 10~* 
mm Hg) at a constant 370 F, and 0.0001 
in. per yr at a constant 320 F. But the 
maximum allowable temperatures for the 
proper functioning of space-vehicle elec- 
equipment and power supply is 
well below 320 F, and temperatures are 
not constant but fluctuating. It is re 
ported that the external temperature of 
the Explorer I shell ranged from —14 to 
166 | 

All materials will sublime in spac 

ly, the rate varying with the ma 
speaking 
sublimation 


tronic 


However if we are 
rat than centuries 
f 


consequential for 


onsider 

\ Hucu Baker 
hnical Service & Development 
The Dow Metal Products Co 
Midland, Mich 


Line Forms at the Right 
! the 


ur editorial of De 
ymment that I think ve 
i ep and fatigue and the 
<cellent—that is, at least the 
owever, regarding the part in 
: villing to risk a man’s life 
him up in a Satellite without 
ifeguards, I have just one ques 
to you: If you were qualified 
lunteer to be that man? 
Amprose F SaLansky 
Project Engineer 
il Product Engineering 


Carrer Corp 


COMING EVENTS 


JANUARY 


31-Feb 5 American Institute f 
Electrical Engineers, Winter General 
Mecting, Hot Statler, New York 


FEBRUARY 


sie ser tv of the Plastics Ind 
try, 15th Annual 
ment (Conferen 


tel, Chica 


Technical and Manag: 
Edgewater Beach Ho 


3-4... . Armour Research Founda 
tion, 6th Annual Midwest Welding Con 
ference, Illinois Tech Chemistry Building, 


Chicag« 


3-5 . .. . Institute of Radio Engineers, 
1960 Winter Convention on Military 
Electroni Ambassador Hotel, L. A 


10-12 Institute of Radio Engi 
neers, American Institute of Electrical En 
gineers, Univ. of Pennsylvania, Solid-State 
Circuits Conference Philadelphia 


24-25 Malleable Founders Soci 
ety, Technical and Operating Conference, 
Cleveland 
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Stanley packs more power into its new line of low- 
cost, heavy-duty saws . . . and saves important weight 
doing it! They have been designed for greater utility, 
with such features as: Ball bearing guard — fingertip 
depth-or-bevel setting, uncluttered front — window 
brush-holder for simpler servicing, extra handling 
comfort, positive control, etc. Yet, with all these im- 
provements, Stanley is still able to sell these better 
saws for less! 

A big reason for this lower cost is Mt. Vernon’s 
coordinated four-fold die casting service: designing, 
die-making, casting and machining. Mt. Vernon 
worked closely with Stanley* to create light, thin- 
walled aluminum castings with strength to spare. All 
parts are produced with excellent surface ‘inish to 
facilitate barrel burnishing. Many fit together without 
machining thereby contributing to lower manufactur- 
ing and assembly costs. 

Stanley is typical of the leading manufacturers in 
the power tool industry who know and rely on Mt. 
Vernon's experience and facilities for die cast zinc 
and aluminum parts. As the largest independent die 


PRODUCT ENGINEERING + FEBRUARY 1, 1960 


casting company — with over 200,000 square feet 
under one roof — our services and equipment are 
ready to help solve your design and production prob- 
lems. We'll be glad to discuss the advantages of die 
castings with you at any time. Just call your nearest 
Mt. Vernon sales representative. 


*Staniley Electric Tools. New Britain, Conn. 





MT. VERNON 


DIE CASTING CORP 
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BEARINGS 








SCF Sealed and prelubricated 

CF CAMROL BEARING CAMROL BEARING 
Integral seals 

CUT AWAY TO SHOW % protect performance 
INTEGRAL STUD DESIGN ; ‘ and cut maintenance 


SIMPLIFY DESIGN and ASSEMBLY 


_ne~ 




















Stock sizes eliminate the You can simplify design and cut cost with CAMROL precision anti-friction 


cost of procuring and assembling cam followers—built for the job. Complete units, with established per- 
formance ratings are available from stock in standard roller diameters 


improvised unit components from 14” to 4”. Capacities to 20,480 Ibs. at 100 R.P.M. 


Precision anti-friction Precision construction, including concentricity of stud to outer race op, 
bearing accuracy provides accurate alignment of machine members. 


High load capacity in limited space A full complement of race width rollers provides maximum capacity and 
ability to withstand heavy intermittent shock loading. The extra heavy 
outer ring and specially heat treated stud add durability and insures de- 
pendability of machine operation. Bolt mounted ball bearings crack under 


equivalent loads and plain bearings require constant oil lubrication. 


Integral seals retain lubrication scr Sealed camrot bearings are interchangeable dimensionally with stand- 
—keep dirt out ard CAMROL bearings. They are pre-lubricated and have a ferrous oxide 
finish to resist corrosion. Effective sealing against contamination reduces 


machine maintenance. 


Camrol CYR series !n the cyr Series, an inner race replaces the stud for 
yoke or shaft mounting. Standard and sealed cyr bear- 
ings are available inthe same stock sizes as CF and 
SCF Series. 


SEND FOR McGILL BEARING CATALOG NO. 52-A. for complete data on McGill 
CAMROL, GUIDEROL, MULTIROL and CAGEROL bearings. 
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SCHIELD BANTAM UTILIZES CF BEARING ADVAN- 

TAGES IN VARIETY OF APPLICATIONS. 


The Schield Bantam Company has applied cr bearings in 
internal clutch band operating arms, turn controls, swing 
and travel shaft clutch cones, engagement controls and 
speed shift collars. The photo above shows how cr-1 
bearings are applied to Drum Clutches in Schield Bantam 
Series 350 cranes and shovels. 

This company replaced bronze collars and yokes and 
reports cost savings through the use of CAMROL bearings. 
In addition they have increased capacity and have ex- 
perienced improvement in length of life and maintenance 
factors. This has added to the over-all efficiency and de- 
pendability in heavy equipment where “down-time”’ is 


extremely expensive. 


ee ee ee ee ee ee ST ST 


ACRO WELDER REDUCES PRODUCTION COSTS, 
IMPROVES ACCURACY WITH SCF BEARINGS 


SEALED CAMROL bearings are used to accurately locate and 
guide the welding ram in spot welders made by acro 
WELDER MFG. CO. The user reports that 

the use of 12 prelubricated CAMROL bear 
ings per machine has saved hours of 
machining labor formerly needed to pro- 
vide grease passages for unsealed bear- 
ings. Lower production costs, 

greater accuracy and high load 

capacity attained with these Mc 

GILL bearings help to assure 

the best product performance 


at lowest cost. 





—insure precision performance in cam follower, track 


and guide roller applications 


BUHR MACHINE TOOL CUTS FRICTION TO REDUCE 
HORSEPOWER WITH SEALED CAMROL BEARINGS 


Production parts are drilled, milled, bored and tapped in 
automated systems engineered and built by the BUHR 
MACHINE TOOL COMPANY. The moving fixtures which hold 
parts being machined are guided and carried on McGill 
sealed CAMROL bearings as shown in the close-up above. 
By reducing starting and running friction to an absolute 
minimum, the CAMROL bearings have made horsepower 
requirement reductions possible in these systems. Ample 
load capacity, high resistance to shock loads and integral 
seals which retain lubricant and keep out contamination 
have held maintenance down. 8 ScCF-3 CAMROL bearings 


guide and support each fixture. 


engineered electrical products 


CGILL 


gy \ precision needle roller bearings 
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J. 1. CASE USES SCF AND SCYR CAMROL BEAR- 
tet IN HAY BALER 
The bale compressing plunger of the J. I. Case Model 


177 
Heavy Duty Hay Baler rolls on cr-254-s CAMROL Bearings 
and cyr-1%4-s Bearings guide the plunger. 

Anti-friction bearing dependability and trouble-free per- 
formance are essential in this type of field equipment 
where bearing failure may result in loss of valuable har- 
vesting time. 

Integral bearing seals in these CAMROL bearings, keep re 
lubrication requirements low and protect internal bearing 
components from field dirt, dust and moisture. 

In addition to accurate, dependable action with minimum 
friction, high quality McGill CAMROL bearings offer savings 


on production and assembly. 


MULTIROL-GUIDEROL-CAMROL-CAGEROL 
McGILL MANUFACTURING CO 


INC., Bearing Division 
201 N. Lafayette Street, Valparaiso, Indiana 
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VELBUNA 
WG-1! 


Latest in Veliumoid’s line of out- 
Standmg gasketing materials. 


VELBUNA WG-1 
Excellent for applications involy- 
ing medium or high compression 
loads requiring both firmness 
and conformability 


VELBUNA WG-1 
Compounded of high grade fibre 
and Buna N synthetic rubber 
combined by a special process. 


VELBUNA WG-1 
A dense homogeneous sheet 


with outstanding sealin har- 
acteristics ‘= 


VELBUNA WG-1 


Excellent torque retention 


VELBUNA WG-1 
Your answer to a wide range of 
Services involving oils, greases 
fuels, and water P 


pa to furnish sam- 
or testing on your ; 
lar application. , — 


Write Today 
THE VELLUMOID COMPANY 
54 Rockdale St., 
Worcester, Mass 


| 
| 
j 








For Your INFORMATION (persona!) 
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For your valentine 


Probably it has been a few years since you gave her your fraternity pin. But 
you can still remind her that you're around—with jewelry specially engineered 
for an engineer’s lady. 

Newest are the “gear rings” with gears that mesh and move (pictured at 
left). They're made by Baby Slide Rule Co, East Lansing, Mich, which also 
makes the square gears in matching cuff link and tie pin sets (PE—Oct 20 '58 
and the miniature working slide rules, available both as tie clasp ornaments 

PE—May 19 '58) and with pin backs for dress and sweater decoration 

Gear earrings are $4.50 a set plus tax (10%), gold or silver finish; slide rule 
pin is $2.25 plus tax. (Matching tie tacks, clasps, and cuff links range in 
price from $2.25 to $4.50.) 

There’s an engineered bracelet also. This one, (above right) from Neiman 
Marcus. It’s a ballbearing race “inspired by oil field machinery.” 


More millions to aim at 


If you've been feeling rather insignificant lately perhaps you, too, have 
received a letter from the US Dept of Commerce. Time was when we felt 
pretty important. There were only about 160 million others like us in this 
country. Now, the Dept of Commerce informs us, we're only one in about 
179,493,577. In place of a date stamp on its franked letters, it’s using the 
imprint: “Do you know today’s population is”—with the appropriate number 
filled in. “More people—more markets,” the department points out under 
neath. It does make its point, though: Our population is going up at about the 
rate of better than 7,000 a day. There are indeed more people—with more 
needs, and more opportunities for new and better products. 


Tape cans TV at home 


\ home video tape recorder is being readied for introduction this spring 
by Toshiba of Tokyo, Japan. Now in its final design stages, the unit is 
scheduled for formal unveiling at the National Electronics Conference. At that 
time, the company promises, it will release details of its new commercial unit 
which, it claims, is half the size of those now being produced here. 


Or would you rather be a fish? 


Maybe you don’t like to swim in icy water, but being a fish in winter has 
at least one advantage: You won't need antifreeze. Scientists have long won 
dered how fish manage to stay alive in icy water. Now, members of the U of 
California expedition to Labrador have come up with an answer. Fish have 
their own built-in antifreeze. It’s a nitrogen compound (but not a protein) 
which seems to prevent ice formation in supercooled body fluids. The mech 
anism has not yet been explained, but the scientists say there is no longer any 
doubt that the compound is present. Might open a new route to engine pro- 


tection some day. —ARG 
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one of Du Pont’s versatile 
engineering materia/s 


Simplify designs 


...-Save money 


with molded parts of Du Pont ZYTEL® nylon resins 


The outstanding properties of parts 
made of ZYTEL nylon resins have led 
to the creation of simplified, money- 
saving designs. Typical of such im- 
provements is the new Scotch Brand 
cellophane tape dispensing machine. 
Here, molded gears and shafts of 
ZYTEL replace more expensive ma- 
chined steel parts. The intricate com- 
ponents of ZYTEL are easily molded 
to close tolerances and possess high 
strength and excellent wear resistance. 
Because of the low coefficient of fric- 
tion of ZYTEL, these new parts elimi- 


nate the need for bearings, giving 
smooth, lubrication-free operation 
while saving money. And the parts of 
ZYTEL are much lighter than those 
previously used. For more examples 
of how ZYTEL nylon resins save money 
and simplify designs, look on the fol- 
lowing page. 


Tape dispenser by Speciality Manufactur- 
ing Co. for Minnesota Mining and Manu- 


facturing Co., both of St. Paul, Minneapolis 
: g . I 


Components of ZYTEL molded by North- 
west Plastics, Inc., St. Paul, Minnesota. 





Complex moldings of ZYTEL’ resist 
wear...corrosion...low temperatures 


FLEXIBLE COUPLING made of links 
of ZYTEL outlasts metal chain cou- 
pling up to 6 to 1 and cosis 20% less 
to buy and maintain. Coupling is 
clean, quiet, corrosive-free. (By Berea 
Plastics Co., Berea, O., for Morse 
Chain Co., Ithaca, New York.) 


PIPE FITTINGS molded of ZYTEL are 
used to connect plastic pipe with plas- 
tic or metal pipe. Pressure grooving 
and threads are molded into the com- 
plex hollowshapes. The partshavehigh 
strength and chemical resistance. (By 
Yardley Plastics Co., Columbus, O.) 


one of Du Pont’s versatile 
engineering materials 


TOILET-SEAT HINGE made of ZYTEL 
is virtually indestructible . . . non- 
corrosive, rustproof . . . highly re- 
sistant to stain or discoloration. Easy- 
to-clean hinge never peels, cracks or 
chips. (By Bemis Manufacturing 
Corp., Sheboygan Falls, Wisconsin. 


When parts of any kind are subjected to rugged treatment, moldings of 
ZYTEL nylon resins usually give longer wear at lower cost. Because of 
an unusual combination of properties, parts of ZYTEL are equipped to 
withstand conditions that would reduce the life of ordinary materials. 
ZYTEL is easily molded into complex shapes and has exceptionally high 
strength in thin sections. Its resistance to temperature extremes allows 
reliable use under such conditions. Resisting corrosion, ZYTEL is ideal 
for use requiring exposure to the elements or to chemicals. Light in 
weight, it resists abrasion and impact. Du Pont ZYTEL may help you 
save money by reducing production costs and giving improved perform- 
ance under adverse conditions. Find out how by filling out and sending 
in the coupon below. 


CHEMICALS DEPARTMENT 


8€6. us. par. off 


hings for Better Living... through Chemistry 


E. I. du Pont de Nemours & Co. (Inc.), Dept. 1234 
Room 2507Z, Nemours Building, Wilmington 98, Delaware. 
Please send me more information on Du Pont ZyYTEL. 


interested in evaluating this material for: nylon resins 


y i i ee 








Alathon <« Delrin’ ° Lucite 


Name Position 








Company 





Street Address 





City Zone State 











Type of Business 
ia Canada Ow Pont of Canads Limited P 0 Box 660. Montres! Quebec 
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Small Units for Big Jobs! 
EATON 


DynNA-ToRQ) 


MAGNETIC-FRICTION 
CLUTCHES and BRAKES 


Now Available in a Full Line 
from 1%” to 15” Diameter 


E aton Dyna-torQ Magnetic-Friction Clutches 
and Brakes provide a simple, accurate, responsive 
method of controlling power and motion in 
today’s complex production and processing ma- 
chines. 


The smaller sizes and advanced design types of 
Dyna-torQ Stationary-Field Clutches and Brakes 
enable Eaton to offer a well rounded line, includ- 
ing flange-mounted and bearing-mounted clutches, 
STATIONARY-FIELD, : 
BEARING-MOUNTED and replaceable-face brakes. Unique features of 
DYNA-TORQ CLUTCH design and construction result in worthwhile 
maintenance cost savings. Dyna-torQ units, easily 


Dyna-torQ Magnetic-Friction and quickly installed on new machines or existing 
Equipment Offers these plant equipment, deliver many highly desirable 


Important Advantages: advantages. 


Accurate power control 

Dependable motion contro! Send for this illustrated bulletin 
giving complete description and 

Rapid response specifications covering Dyna- 
torQ Stationary-Field Clutches 

Easy ‘‘built-in"’ installation and Replaceable-Face Brakes. 

Low maintenance costs 


Compact plug-in type controls—may be 
remotely mounted 


Inter-changeability of parts 


Dyna-torQ Equipment is Available through Dynamatic Distributors in all Leading Cities 


DYNAMATIC DIVISION 
MANUFACTURING COMPANY 
3307 FOURTEENTH AVENUE « KENOSHA, WISCONSIN 
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CANADA Dominion Fasteners Ltd, Hamilton, Ontario. GREAT BRITAIN: Simmonds Aerocessories Ltd. Treforest, Wales. FRANCE: Simmonds SA. 3 rue Salomon de Rothschild, Suresnes (Seine) GERMANY Mecano Bundy Gmbi, Heidelberg 
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Engineered by Tinnerman... 


SPEED CLIPS’ reduce costs, simplify assembly 
and servicing on Maytag “Halo of Heat’ Dryer 


Clothes are dried efficiently in the famous Maytag 
“Halo of Heat” automatic dryer. And now the 
quality of the “Halo of Heat” dryer is even better 
than ever because its unique circular heating ele- 
ment is fastened quickly, securely by 22 special 
Tinnerman Sprep Cups developed by joint efforts 
of Tinnerman and Maytag designers. 

Each one-piece Speep Cup eliminates a separate 
welding operation on the “Halo of Heat” assembly. 
Various screw-driving operations formerly required 
on Maytag’s assembly line to capture the ceramic 
insulator and secure the mounting clamp were also 
eliminated, with equally interesting reductions in 
cost. Now, the stainless steel, vibration-proof 
fastener is snapped in place with simple “button- 
hook” action. No special skills or equipment are 
required. Assembly and parts costs have been 
reduced . .. substantially! Serviceability in the field 
has been improved. 
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A free Tinnerman Fastening Analysis of your 
own product can show you where similar assembly 
and cost-saving advantages are possible. Call your 
Tinnerman representative—he’s listed in the Yellow 
Pages under “Fasteners”. Or write to: 


TIN N BERMAN PRODUCTS, inc. 
Dept.12 + P.O. Box 6688 + Cleveland 1, Ohio 


TINNERMAN 


Speed Nua” 
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Integration with Science? 


Once, not so many years ago, science and engineering 
were quite distinct fields, one grown out of theory, the 
other out of practice. The two had a speaking acquaint- 
ance, but little more, because the time lapse between 
them was so very long. Much of engineering was based on 
empirical fact, much of science on theory and hypothesis 
The pace of development was slow; the science and engi- 
neering content of most products was low. 

lhe 50- to 100-year lag from theory to practical device 
and the hundreds of products that grew like Topsy from 
‘things everybody knows” were both familiar and entirely 
satisfactory to our grandfathers. Science was for school-lab 
shows; nobody inquired why a wheel turned easier when 
tallow or fat was smeared on the axle 

Times have changed. Science began to explain the why 
of familiar engineering and physical phenomena; engineer 
ing began to incorporate more and more science in its 
products. Requirements became more severe; time be 
came an important factor. Two world wars accelerated the 
search for knowledge; a rising standard of living acceler 
ated the demand for products. The “seven years from 
test tube to tank car” brag of the chemical industry be 
came too long in the face of the advance of the petrochemi 
cals and the synthetics 

Science has explained most of our familiar engineering 
phenomena and gone on to provide new information 
Engineering is hard on the heels of science with products 
that stretch available scientific knowledge to the utmost 

Sometimes the engineer is working in an area still not 
fully explored by the scientist. Naturally, under such con 
ditions, the scientist and the engineer are brought together, 
ind one frequently works in the field of the other. Mis 


siles, space vehicles, radio astronomy—these are fields 
in which the distinction is dificult to draw—so difficult in 
fact that official Washington has long since given up and 
calls the whole thing “science.” 

But the end is not yet. Industry is facing the same prob 
lem—if it is a problem. Some of our “black-box” and com 
puter technology, some of our mathematics and electronics, 
some of our requirements with respect to temperature and 
atmosphere force inter-relationship of the two disciplines 
R&D teams frequently combine scientists and engineers 
so do product-planning groups. There are occasional engi 
neers in scientific labs. occasional scientists in engineering 
departments, particularly in analytical groups 

The problem lies in the difficulty of absorbing this idea 
R&D is still tied up in the popular mind with test tubes 
ind long-hair experiments with single parts—sometimes 
even in the executive mind. This makes it hard to undet 
stand how twelve billion dollars could have been spent on 
R&D last \ear—even if half the total was Uncle Sam's 
That amount would buy all our test tubes and one-of-a-kind 
experimental parts several hundred times over. Yet we'd 
guess half of it is in salaries—and industry doesn’t pay sala 
ries to non-productive people, at least at engineering levels 
The other half is largely in pilot purchases, purchases that 
presage what will be bought later—not in lab equipment 
because industrv is investing today in the products of 
tomorrow 

Thus, it is important to realize why science and tech 
nology are becoming integrated, and together are vastly 
increasing the pace of their advance. Together they are 
outstripping the popular ability to understand and to 
accept them, because the lay mind fails to ask why 
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CREATIVE ANALYSIS PAYS OFF! 


Rudd-Melikian, Inc., one of the recognized leaders in the vending machine 
manufacturing industry, needed substantial increases in production efficiency 
to keep pace with the market requirements on their new “Brew-a-cup” coffee 
maker. A study, conducted jointly by R-M and AMP engineers, indicated 
AMP.-lok multiple wire connectors as the solution. 
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: 
ADVANTAGES: AMP-lok snap-assembly connectors . . . 
e replace bulky solder-type connectors 
e permit use of modular construction techniques 
e facilitate final assembly and in-service maintenance 


\ / 
THE “PAY-OFF' : Twice the previous production volume of electrical control harnesses 
with no increase in production facilities. 


You can start your creative analysis to better wiring with a request for K information, today. 


AMP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 
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dielectric? 


HEATING A PRODUCT 


Specifying heating methods is an art—not a science. But there are 
experts available for each method, and half the battle is won when 
it is decided which type of expert to call. This guide helps choose 
among the methods, gives design tips for the one that is as old as 


the solar energy all around us but needs explanation 


infrared. 


STANLEY V JOECKEL, vice-president, engineering 
infra-Red Systems Inc, Pompton Lakes, NJ 


Choosing the right heating method among the five basic 
types is the first step—whether you are designing for 
product testing, drying, shrink fitting, or production-line 
heat treating. And making the preliminary choice need 
not be completely guesswork if you understand how each 
heating method works, in theory as well as practice. 
Infrared radiation is the heat source for the least under- 
stood method—radiant heating. Infrared includes all wave- 
lengths of radiant energy from the longest visible light 
(red—about 0.8 micron) to the shortest radio waves (hun 
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dreds of microns So-called “near infrazed” is that radi 
ation nearest the visible spectrum: It has the highest fr 
quency, comes from the highest temperature sources. “Fa 
infrared”’ defines radiation farthest from the visible spec 
trum—it has lowest frequency, comes from lowest tempera 
ture sources. However, near and far infrared are loosely 
defined and tend to overlap. 

Heating with infrared is primarily a surface phenom- 
enon. It has some penetration, depending on the ability 
of the surface of the part being heated to absorb the 
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HEATING 


continued 


intensi 


Wavelength, micron 


Source temperoture,°Fx!000 


3 


Heat radiated from ideal (black body) source 
Wavelength at point of maximum 


Variation of intensity 


Relative energy intensity 


Wovelencth, micron 


ONE WAVELENGTH PREDOMINATES but the total spread of 
wavelengths is wide for any source of radiant heat. Area under 


each energy-intensity 


curve represents total radiated energy 


from unit-area source. 


particular range of wavelengths radiating from the heater 
ource. Relationships among source temperature, wave- 
length, and relative absorption characteristics of common 
sources and materials are shown on the accompanying 
curves. The curves are not specific, but indicate general 
behavior 

Convection—both natural and forced—depends on heated 
gases or liquids transferring some of their heat to the 
surface of the part. The rate of heat transfer from the 


THEORY OF HEAT RADIATION 


heat radiated from a perfect (black body 


Stefan-Boltzmann law 


» , + 
Qs = 0.174 A ( =) 


vhere Ov, 18 bt 
a 


obeys the 


heat radiated, btu/hr; A is the 
and T is the absolute 
460 It follows that a 


source at temperature Ts, radiating to a part at 


radiating area, sq ft; 
temperature I 
temperature Tp, will transfer heat in 
tion to (Ts‘ — Tr* 


However, source and part are never perfect 


propor 


black bodies, and have radiating and absorption 
that configuration, 
material, surface conditions, and absolute tem- 
perature. The accompanying text shows how 
to predict—without involved  calculations— 
radiant heat transfer between many actual sources 
and parts 


characteristics vary with 


fluid to the part can be very high, but the method is lim 
ited by the need to first heat the fluid, then circulate it 

Conduction is simply the transfer of heat directly from 
source to part by physical contact. One example is the 
molten salt bath, which is kept hot by passing a high 
current of low-voltage electricity through it. Internal 
conduction of the part is also important—for radiant and 
convection, as well as conduction heating—to utilize the 
heat absorbed on the surface. 


Induction heating—an internal phenomenon—occurs 
when an electrically conductive part is held in an alter 
nating magnetic field. A typical induction heater is a 
copper conductor coiled around but not touching the 
part . alternating current creates the magnetic field 
If the part is magnetic, then the heating is a combina 
tion of the molecules in the part tr 
to align themselves with the moving field); and “eddy 
current” losses (small electrical currents circulate in the 
part). If the part is nonmagnetic, then all the losses are 
eddy-current. 


“hysteresis” losses 


Dielectric heating—also an internal phenomenon—oc 
curs in some materials when high-frequency high-voltage 
electrical energy is applied across the part. The part, in 
effect, behaves as if it were an electrical capacitor with 
high dielectric losses, and will heat up in proportion to 
the Plywood in stacks over a foot thick can be 
bonded together with dielectric heating. 


WHICH HEATING METHOD 


The characteristics of the part, production rate, and 
desired final temperature all must be considered before 
choosing a method. 
decide: 


losses. 


These sample applications will help 


e A heated pipeline absorbs heat by conduction better 
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Performance of actual sources 


Surface temperature of typical 
area source 


Surface temperature, F 


2 3 
Input power, kw/sq ft 

ACTUAL AREA-SOURCE TEMPERATURE 
is affected by many variables, including part 
temperature, materials in element and refiec- 
tor, and design of system. Actual curve 
shown is for full-area ceramic panel radiating 
in ambient air—compared with theoretical 
condition of black body radiating to heatsink 
at absolute zero. If panel were radiating to 
an actual part, curve would be different. 


than by radiation—therefore a wrap-around resistance 
heater will probably be more economical for keeping it 
warm 

eA metal-working die can usually be heated best 
with a resistance element inserted directly into the die. 
If necessary, such heating elements can be operated at 
temperatures over 1600 I 

e Large parts, such as automobile assemblies being 
painted, or missile casings being tested, are more easily 
heated with radiant units—or in some cases by convection 
units—than by conduction heating or immersion. 

® Heat-treating of machined parts can be done with 
induction heating (rapid internal effect) or with liquid 
baths (intimate contact gives good surface heat transfet 

© Special tests in which heat must be controlled locally 
such as simulating hot-spots on large equipment that 
cannot be tested full-load—can be conveniently made with 
portable radiant units 

© On-off heating with precise heat input is easiest with 
sources that can be controlled or cycled continuously 
Induction heating is one of the best methods because 
power can be varied instantly throughout full range 
Radiant heating can also be varied widely, but the time 
constant of the heated mass of the source prevents rapid 
changes in actual radiation This constant varies from 
seconds for small lamps to minutes for large metal 
sheathed or area-source elements. 

© Heating liquids directly is best done with immer 
sion heaters. Surface-heating methods such as radiant ovens 
are not as rapid. The immersion heaters, however, can 
have radiant elements. 

© High-volume production is a natural application for 
radiant heating. No special handling of the parts is 
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Proximity effect ( source -to- part) 


AREA SOURCE CAN BE CLOSER to work than equiva 
lent point source, because temperature is more uniform 
and lower. Furthermore, an area source can be varied 


in distance from work (sketch shows 3:1 change) with 
little loss of total heat reaching surface of work. Point 
source—initially farther away—has larger loss for same 
percentage distance variation, tending to obey inverse 
square law (intensity is inversely proportional to square 
of distance). However, point source can concentrates 
more heat in smaller area when necessary 


required, because the heaters can be arranged 
around the moving conveyor belt. Examples are di 
soldering (preformed solder rings), and heat treating 

e Low initial cost—a requirement when there are few 
parts to be heated—suggests choice of wrap-around i 
sistance elements or other heating methods that have no 
accompanying structures or ovens. However, the heating 
problem, not the cost, will usually dictate the method 

e Thermal expansion for shrink fitting and other assem 
ably techniques will work with any of the five heating 
methods. The choice is one of convenience. For part 


handled on conveyors, radiant heating is easiest For 
single parts handled manually, dipping in hot oil, heating 
in a small oven, or careful heating with an open flam 
are some methods used. 


TEMPERATURE LIMITS 


Maximum source temperature for any method 
ited by the materials from which the element 
housing can be made economically 

Flexible resistance-heating blankets are made for 
ious temperatures from ambient to over 500 F. A var 
tion of the blanket is an electrically conductive coatings 
sprayed on the part, and electrically insulated from it b: 
a heat-conductive film. Another variation is glass fabri 
coated with pure graphite. 

Induction heaters can have high enough capacity to 
melt most metals. Dielectric heating is limited to seve 
hundred degrees for the usual materials that can be heated 
that way. Molten salts are limited by their boiling point 

Air or gas convection heaters are limited only by th 
source used to heat the gas, and that limitation is removed 
if products of combustion are used directly—su h as in an 
acetylene torch init 
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Source temperature ,°F 


Radiant heaters vary from the simplest low-temperature 
panels (150 F) to solar furnaces (about 7000 F.) 


CONVENTIONAL INFRARED SOURCES 


The basic job of an infrared heat source is to produce 
and aim radiant energy. Any heat source—including a per- 
son—produces some infrared, but only certain wavelengths 
are practical for heating parts, and the reflectors that 
direct the radiation must not absorb too much of the 
energy. Here are commercially available infrared sources: 

A clear glass infrared bulb is a common source, but 
its energy is radiated in all directions and requires re- 
flectors to redirect it toward the part. It is a “point” 
source, and operates at about 4000 F. Some have built-in 
reflectors. 

Radiart glass panels—whether the elements are metal 
coils or conductive films—are normally limited to about 
600 F. Quartz or full-area ceramic-faced panels with 
metal heating coils can operate at considerably higher tem- 
peratures—up to about 1600 F. Both quartz and glass 
panels are slow-responding—more than five minutes to 
go from a cold start to within 5 or 10% of final tempera- 
ture. 

A metal-sheath infrared “line” source has nickel-chro- 
mium or equivalent elements, imbedded in magnesium 
oxide and covered with a nickel alloy or stainless steel 
sheath. It is mechanically strong—can stand abuse—but 
takes longer to heat up and cool down than the simple 
bulb. The element temperature can be up to 1800 F, but 
the sheath surface temperature will be several hundred 
degrees less 

Quartz-lamp sources are usually made with tungsten 
filaments that operate inside an inert-gas-filled quartz 
tube. The filament operates at about 4000 F or higher. 
Surface temperature of the quartz is about 1200 to 
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2 3 
x 1000 Source tempercture,°F x.|000 


NOT ALL ENERGY RADIATED from source is absorbed by part. 
Best absorbers are dirty or oxidized metals, porous nonmetals, 
organic materials, and coatings of many varieties. Polished metals 
reflect more radiation than they absorb. Unpolished metals absorb 
fairly well at low and at very high temperatures. Many coatings 
and organic materials absorb best at very low temperatures. For 


1500 F. The quartz can withstand concentrated heat 
for short periods, making it possible—for special test 
applications—to concentrate over 2 kw of generated heat 
for «ch sq in. of radiating area. Quartz is somewhat 
transparent to infrared radiation. 

A variation of the quartz lamp is the tubular quartz 
heater. Basic difference is that the tube is unsealed, and 
the filament operates in air. Lower element temperatures 
are specified—up to 1800 F—giving about half the heat 
output of a quartz lamp for the same volume. The tube 
can also be made of pyrex, but the allowable operating 
temperature will be lower—about 500 F maximum. 


Point-source ceramic heaters are made by winding wire 
on a ceramic core, then baking on more ceramic, giving 
a completely enclosed element with a surface temperature 
of about 1000 F. Reflectors aim the radiation. 

Non-enclosed resistance-type grids are effective as radiant 
heaters too, and have low initial cost. Element tempera 
tures range from 800 to 1800 F or higher. Efficiency is 
less than that for enclosed elements with reflectors, but 
response time is fast because there is relatively little mass 
to be heated. 

Gas-fired infrared heaters of one type have ceramic 
plates or bowls that are heated to incandescence by 
burning gas. Other designs have a large number of small 
holes in a ceramic plate or a metal mesh, serving as ports 
for the gas-air mixture. Combustion is on the surface 
of the units which glow cherry red at about 1650 F and 
can be regulated down to 900 F. The center of the units 

remain much cooler because of low thermal conduction, 
thus preventing precombustion of the gas-air mixture. 


APPLYING INFRARED HEATING 


High-temperature sources (short wavelengths) are spaced 
farther apart because fewer of them are needed. But 
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common engineering materials 


Paints, lacquers, 
plastic films 





Painted or coated metal, clean 
(paint, lacquer, plastic film) 
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Source temperature °F x1000 


coatings, color and thickness are important. 


2 


radiation well at low temperatures but black absorbs more than 


white as source temperature increases 
has enough mass to substantially 
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Source temperoture,°F x |O00 


All colors absorb 


A thick coating on metal 
improve total absorption of 


part, but a thin coating is less effective in overcoming natural 


reflective characteristics of clean or polished metals 


the separating space must be filled with something, and 
such material is frequently the cause of major heat loss. 
Going to lower-temperature (longer wavelength) area 
sources will solve the spacing problem, but the elements 
must be closer to the part because a greater proportion 
of the heat will be absorbed by air before the radiation 
reaches the part. 

The surface of the part being heated plays a major role 
in applying infrared heating. The accompanying curves 
illustrate how not only the material, but its texture, color, 
thickness and cleanliness influence the absorption of heat 

Here are two examples 





EXAMPLE 1 


Assume that a simple metal ring must be heated to 
expand it for a shrink fit; and that it must also be painted. 
From the heat-absorption curves, it is apparent that bare, 
clean metal is a poorer absorber of radiant heat than 
painted metal—for the lower temperatures associated with 
panel-type heaters. Panel-type heaters are recommended 
here because they radiate uniformly. It might prove 
economical, then, to paint the part before heating it, 
taking advantage of the better heat-absorbing qualities of 
the painted metal. And a secondary benefit is that the 
paint dries during the process . Saving one operation. 


EXAMPLE 2 


Needed is an infrared oven that cures colored plastic 
tapes as they move along a conveyor through the oven 
tunnel. Here are the design problems and how they were 
solved, referring to accompanying curves: 

Organic materials (such as the colored tapes) absorb a 
wide range of wavelengths. But one color absorbs differ- 
ently than another except at low temperatures. Therefore 
a low-temperature panel-type source—located about 1 or 2 
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in. from the work—is a good selection, because source tem 
perature does not need to be changed for each color. 

Volatile material that results from the curing 
be removed as it rises from the work. A line-source 
heater is not a good choice under such circumstances 
because the vapors would condense on the relatively cool 
reflector above the source, lowering the efficiency of the 
unit. A panel source works better, because no reflector 
is needed above it, and the panel is too hot to condense 
vapor. 

Stray heat-radiation losses may reduce over-all efficiency 
for any method. Polished-metal reflectors, placed around 
the sides and bottom of the conveyor, prevent such losses 
A top reflector is not required if the source is a panel 

In actual practice, a 350-F cure can be obtained in a 
12-ft-long oven at a conveyor speed of about 100 ft/min 
with a panel source temperature of 800-850 F 


must 


EDITOR'S NOTE: The effects of con- 
duction, convection and radiation for 
cooling as well as heating parts and 
assemblies are summarized in these 
previous articles: 

Removing Heat from Electronic De- 
vices, July "54, p 164, includes tables 
of temperature difference vs required 
cooling area ...and explains effect of 
color on heat radiation. 

Radiation Characteristics of Metals, 
Sep 53, p 205, compares emissivities 
for metals such as stainless steel and 
titanium for various surface conditions. 

When Air Is the Coolant, Feb 16 ‘59, 
p 54, shows how to estimate whether 
an assembly will run too hot, and 
whether the self-cooling methods of 
radiation or convection can handle the 
trouble 























for tiny parts— MINICAST DOES iT 


Here’s a method, using plastic patterns, that is nicely suited 
to l-in.-dimension parts made in quantities of over 25,000. 
Although the technique cannot compete in cost with produc- 
tion by automatic screw machine or die casting, it allows design 
to specify high-strength alloys and close tolerances. Photo 
above shows range of cast shapes, displayed on a 1-in. grid. 


Ju CADIEUX, president 


Casting Engineers Inc 
Chicago 


TE they n fit within a l-in. cube, they can be made Minimum wall thickness depends mainly on fluidity 
Minicast 1 mass-production technique combining of the alloy. For specific materials in normal production 


nvestment casting with precision post-forming The quantities, minimum wall thicknesses are 


method offers such advantages as thin wall sections, and 
complex shapes that require radical changes in thick-to CASTING METHOD 
hin section It also can provide close dimensional tol Alloy Plastic Pattern Lost Wax 
ices and fine surface finish. Moreover, the miniatures Cobolt base. ... 0.025 0.050 
Copper base 0.025 0.045 
re ; Aluminum 0.030 0.050 
machined counterpart. Carbon Steel 0.030 0.060 
Basically, the process makes an investment casting from 300 Stainless 0.035 0.050 
plastic patterns—this is to obtain the close tolerances and 400 Stainless 0.040 0 060 


thin sections economically. The part is then coined, sized 





cast with a minimum of design changes from the 





or struck in dies to further improve tolerances If thin wall is the primary consideration, a 0.020-in. wall 
Tolerances obtained normally are 0.003 in., and critical can be obtained for castings of specific shapes in the cobalt 

dimensions can be held to 0.002 in. with some increase base, copper base and 300 stainless materials 

n cost In contrast, conventional investment casting For better surface finish, use plastic patterns. Finish i 

gives a wider tolerance (0.005 in.) and can hold critical also improved by casting materials of higher fluidity. Thin 

sizes to 0.003 in. at extra cost sections, in general, come out with a better finish. Large 
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COMPARISON OF TOLERANCES FOR 
INVESTMENT-CAST PROCESSES 
Plastic Pattern Lost Wax 
Linear dimension, in. 
normal... .. 0.003 0.005 
extra cost 0.002 0.003 


Angular, degree Ve 
Draft 


Concentricity (full indicator 
reading), in. 


Corner radii, in. 
interior. . 
exterior. . 





0.005 min 
0.005 min 


0.020 min 
0.010 min 


Flatness, in. 
as cast. . 0.003 t0 0.005 0.008 
straightened 0.002 0.004 


Straightness, in. 
as cast... 0.003 to 0.005 0.010 
straightened 0.002 0.005 


Machining allowance, in 0.005 min 0.010 min 


Parting-line mismatch, in 
(depends on tooling) 


up t0 0.003 0.005 mox 


CHEAPER 


flat expanses should be avoided because they cause local 
shrinkage and distortion during cooling—and therefore 
1 poor finish. 





AVERAGE AS-CAST 
SURFACE FINISH 
(in microin, RMS) 
Alloy Plastic Pattern Lost Wax 
Cobalt base 40 60 
300 Stainless 50 60 
Aluminum . ‘ 55 60 
Copper base 60 65 
400 Stainless 60 70 
Carbon Steel 70 90 





Because most Minicast parts require no machining, a 
wider choice of materials is possible. Materials can be 
specified for their desired properties such as wear 01 
abrasion resistance, corrosion resistance, or high mechan 
ical strength and hardness, without regard for machin 
ability. This can lead to further costs savings by eliminat 
ing need for protective platings such as chrome for wear 
resistance. 

A higher price material that is more fluid may result 
in a lower per-piece cost because it gives better reproduc 
tion of mold detail. The fluidity also insures filling of 
thin sections and gives good surface finish—particularly 
important for close tolerances. Brittle alloys simplify 
removal of gates. The tiny size makes these parts difficult 
to hold for machining, so economy often precludes the 
conventional metal-removal operations. 
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Materials best suited are the majority of high-carbon 
steels, the stainless steels, cobalt-chrome alloys, coppet 
base alloys, and aluminum. Alloys not adaptable for the 
process are lead, tin, zinc, high-purity copper, titanium 
magnesium, the rare earths, and the precious metals 

Materials cast with the process have essentially the 
same properties as their wrought equivalents. They also 
respond similarly to heat treatment although temperatures 
in heat treatment may require some adjustment 


Low-cost Parts 


Cost savings are attained primarily from two advan 
tages. One is the elimination of secondary operations 
that would otherwise be required if parts are made by 
other methods. 

The other is combining of a number of components 
into one larger part. This means the casting is easier 
to handle, and there is no need for mechanical fastening 
or other joining methods. 


How to Design 


Parts do not necessarily have to be designed specificall) 
for this process. Almost any shape that can be made by 
other forming techniques can be duplicated, and often 


at a lower cost. About three-fourths of the present jol 


for Minicast were formerly handled by other methods 
The remainder comprise parts that incorporate features 
not possible otherwise 

Small gears for slow-speed applications are practical, 
but should not be specified for high speeds because the 
pitch line may be eccentric enough to cause chatter at 
high speeds. The pitch diameter cannot be sized, and 
best tolerance that can be held is 0.002 in 

Best fit for cast threads is a Class 4. If threads can 


be limited to a segment smaller than 30°, a 32-pitch fine 


thread can be cast. In general, investment-cast threads 
ire not recommended except for materials too hard to 
tap or machine. Where threads can be tapped, the hol 
should be cast undersize so that the tap drill will remove 
the oxidized cast surface which would cause excessive tap 


wear and poor alignment of the threaded hole 


EODITOR’S NOTE: For other methods 
that put precision into parts, see these 
recent articles 

Investment Castings ... Tight Tol 
erances Can Be Even Tighter, July 20 
59, p 49. Over-all costs go down when 
castings can be used without finishing 
steps. Gives ways to handle critical 
dimensions for lost-wax-investment 
castings. 

Aluminum Forging for Precision 
Tolerances, Aug 17 ‘59, p 51. Dimen 
sioning and tolerances for conven 
tional as well as the precision forg 
ings in aluminum. 

How to Choose—investment Cast- 
ing or Sintered Powder, June 8 ‘59, p 
86. Although investment casting and 
sintered powder seem competitive 
knowing the shape, tolerances and 
application makes the choice easy 

Electromachining Speeds Its Attack, 
Mar 2 '59, p 59. Processes which erode 
ultrahard metals to ultrafine toler 
ances are coming out of the toolroom 
to offer new precision for production 
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Easier Maintenance? 
New Jet Fighter 


Shows 


Important in any machine, quick servicing 
and repair is all the more crucial with a 
warplane—it can’t afford to be grounded 
too long. Norair even included a mulTti- 
purpose trailer that speeds replacement of 


major components. 


Electric power 
ontrols 














ment panel—normally one of the most difficult loca 
tions to reach. For engine removal and installation, the 
entire aft fuselage section and attached horizontal sur- 
faces are removed on a trailer. 

All accessory packages are mounted one layer deep, 
and accessible without need to remove other equipment 
This reduces risk of damage to removed part and the 
possibility of creating a malfunction in parts needlessly 
disturbed. Various components—fire control, electronic, 


Faster servicing . . . 

results from including a large number of access panels, 
stacking all accessories one layer deep, and grouping of 
systems to provide one-position maintenance. Approxi 
mately 25% of the fuselage surface area is devoted to 
easily removable access doors. Where stressed, doors are 
bolted, and supplied with smaller access panels that 
permit inspection, adjustment or lubrication without 


removing the main door 


The manually operated canopy eliminates malfunc 
tions possible in power-operated type. Canopy is s« 
cured by only two bolts for easy removal. Forward 
hinged windshield provides access to rear of the instru- 


electrical and hydraulic—are individually grouped for 
one-position maintenance and test. This permits cross 
checking components at one location and enables one 
mechanic to isolate a troublemaking part. 


needed by most first-line fighter craft. The lightweight N-156F 
fighter has two GE J85 jets; wing spread is 26 ft 5 in.; length, 
43 ft 11 in; range, over 2000 miles. Produced by Norair Div, 
Northrop Corp, Beverly Hills, Calif. 


ae The design philosophy here aimed at more plane 
per dollar: that is, more time given to flying; less time needed 
to keep it flying. Norair anticipates 21.5 hours of service per 
hour of flight time for its product—compared with 30-hours-plus 
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Speedier replacement 
and checkout result from packaging of system components 
The fuel-valve assembly manifold includes three inter 
changeable, electric fuel-valves. Boost-pump static and 
dynamic pressure outputs can be checked on the ground 
through the port outlet, without removing the assembly 
from the plane. Motor portion of the valve assembly can be 
removed and replaced without draining fuel tanks. 
Electrical components are grouped on a slide-out shelf, 
enabling the entire electrical system to be tested or serviced 


Powerplant servicing . . . 
is sped by the multipurpose trailer that transports com 
ponent-support fixtures during maintenance operation. A 
hydraulic pump and jacking system on the trailer positions 
components and removes loaded fixtures from the trailer 
Aft fuselage section and horizontal control surfaces are 
supported by one fixture and removed as a unit. Separate 
legs on the fixture permit this section to be set aside so 
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by one man. Dual systems permit isolation of malfunctions 
by interchanging components to check one system against 
another 

Accessory package for each engine contains a hydraulic 
pump and generator. These are assembled on an airframe 
mounted, 2-speed gearbox and connected to the engine 
through a driveshaft. This permits bench checkout, easier 
location and correction of malfunction, plus quicker engine 


build-up 


main hydraulic or electric lines 


Engines can be removed without disturbing 


that trailer can be used to service other components 

Engine-support fixture has an overhead rail from which 
engine is suspended. This fixture can also be used to 
power-check new or serviced engines before installation 
Rail in bay engine mates with rail on support fixture to form 
track on which engine slides into bay. Fewer engines need 
be stocked because the basic units can be adapted for use 
on cither side of the plane in less than one man-hou 
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Workhorse Tool 
Goes Modern 


Design here turned out a press featuring improved 
performance, plus safety and convenience. Faster 
approach and retraction of its ram is given by electro- 


hydraulic drive. 

















®’ 
Locking 
screw 











Ram is actuated... 
by a fixed-displacement, radial-piston, motor-mounted pump. A 
6000-psi system is used to reduce component size. Duty-cycle 


requirements specified (25‘ 


@ at 150-ton capacity) eliminate need 
for the usual heat-exchanger elements. Open-center poppet valve 
permits constant running with pump unloaded during setup and 
transfer operation. A rod-engaged cam, attached to the control 
valve, stops ram at its travel limit. 

During pressing operations, ram head is locked by lever 
attached to a locking screw. Tightening this screw causes the 
wheel-support castings to rotate around their pivot pins. This 
clamps lower flange of the head channel between the wheels 
and the hydraulic-cylinder support. When locking screw is 


released, press cylinder can be moved—to a new center or to 
facilitate loading 
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Ram-control lever 


Head-locking 
lever 


Jib crane 


Ram-travel 
indicator 


Hydraulic 
pump 


Work transfer . . 

in and out of press is sped by the movable head and setup of 
jib crane and hoist. For loading, the head is unlocked and 
moved sidewise to extreme left. Resulting clearance permits 
jib crane, hoist and work to be swung under the head chan 
nels and centered. Hoist deposits the work onto the multi 
slotted adapter, fixture or press table. Hoist and crane then 
swing clear, allowing cylinder to be returned to position over 


the work and locked for the pressing operation 


PS .. . This motorized press has 150-ton capacity. Full-load | 
ram speed of 2-hp model is 2 in./min.; 5-hp model, 7.5 in./min. 
Ram travel is 8 in., screw travel is 8 in.; table travel of 24 in. 
results in a maximum ram-to-table distance of 292 in. Press 
is produced by ACCO Equipment Div, American Chain & Cable 
Co Inc, York, Penna. 
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how light a 


SPRING 


for ABSORBING SHOCK? 


WILLIAM A WELCH, consulting engineer, Danbury, Conn 





Acceleration 











LOAD-ACCELERATION DIAGRAM of a linear spring 
shows relationship between static deflection, d, anc dy 
namic deflection, d, when mass is dropped on spring. This 
ratio, d/d,, is known as the load factor, n, and is propor 
tional to the actual load a mass experiences under impact 


SYMBOLS 
a — acceleration L — length 
lift force 
n — load factor 
P — reaction force of 


A- ~ area ly 
b — width 
d — total deflection of 
spring during impact spring 
d, — static deflection of R, r — radius or 
spring lever-arm distance 


E — elastic modulus t — thickness 
g — acceleration of V — impact velocity 


gravity W — weight of mass; 
G — shear modulus W,, = weight of spring 


h — drop-height p — density of material 
SUBSCRIPTS 


b — bending s — spring, shear 
m — maximum t — tensile 
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You don’t even have to know the spring’s 
dimensions—these equations quickly find 
the lightest type needed to absorb impact of 
a mass. Dimensions can later be varied at 
will, without affecting the weight require- 
ment. With his analysis of six spring types, 
author includes a sample problem showing 
how to put his equations to work. 


E hastic shock absorbers, such ring dt m ba 
ire a simple yet effective means of absorbing the impact of 
Adaptable to a wid 


tions, they can be mass-produced at 


moving mass if appl 
But litth 
attention has been given in the pa 
lightest possible springs 

Reducing weight of the shock-absorber 
only reduces weight of the assembly, bi 
in cost of production and materials. It is 1 
each type of spring has certain inherent cay 
directly affect its minimum weight requirement 
given impact velocity and maximum deceleration, 
weight is constant for a particular type of spring 
yportion Spring 
tions, however, are usually not in a form to per 


material, regardless of spring p 


calculation of weight requirements 

Here is an analysis, originally developed for 
landing-gear studies, which develops workable equation 
for six spring systems The equations permit a rapid 
weight comparison of alternate schemes without need t 
become involved with the spring dimensions. Once th 
proper system is selected, a second set of equations hel 


determine the proper dimension 


Load and Velocity Factors 

"he acceleration-displacement curve of a linear spring 
when arresting a falling mass, is a straight line, as illu 
trated above. The mass contacts the spring at —g and 
compresses it a total distance of d before the rebound 
begins to occur. Deflection d, is the static deflection; 
that is, the deflection of the spring when the mass is at 
rest on the spring. 


nued on next pa 





Spring for Absorbing Shock ...,,.;... 


Maximum acceleration (deceleration) is considered 
positive, to avoid needless negative terms in equations; 
therefore, the gravity force, g, is considered negative, as 
shown. 

A common term in shock absorption is the “load fac- 
tor,”” n, which equals, by definition: 


a+ an 
q 


R = 


By proportions, from the previous illustration: 


ie d, + (d — d,) , d 
as d, mr 3 


From Eq (2), the load factor is also: 
n= P/W 


Thus, by specifying a certain load factor, a designer can 
indicate the maximum accelertion (or load) that the 
mass can withstand during impact. 

A second important factor is the impact velocity, V. 
Factors n and V can be related to each other as follows. 

Average acceleration during the impact stroke (again 
from previous illustration) : 


, an +9 
Ger = 2 =¢@ 


Since \ 2 ad, then 


oar 


Vy? 
Gn = —- +9 
Ga 


Combining Eq (1) and (4) gives 
ye 


We B= worse 


Rearranging and simplifying gives 


Or, since P = Wn 


V? Wn 


Me g (n — 2) 


(6) 
For the case where the mass is dropped from a height, 
h, the expression V* = 2 gh is substituted into Eq (6), 
resulting in: 
Pd = AW (7) 
Solutions of Eq (7) are plotted above. Note that vari- 
ations in the load factor at the higher values have little 
effect on the spring parameter. 
For an aircraft with lift acting during the landing: 
P = Wn — 1, 
19 . 2h(Wn — 1.) 
Pd oe anki 
The spring parameter, Pd, is independent of type of 
spring or its dimensions. To speed weight analyses, a 
set of weight equations have been developed for six popu 
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re a J oF me MS 2% ear SDL ae 
LOAD-FACTOR VS SPRING PARAMETER for various 
drop heights. Curves tend tq flatten out, indicating that 
the load factor at higher values is sensitive to slight 
changes in spring parameter. 


lar spring types for absorbing shock (sce illustrations at 
right), making use of the spring parameter. Equations 
for finding dimension details of the springs are also 
included. 


Method of Derivations 


To illustrate the method of derivation so that it can 
be applied to spring types not discussed here, equations 
for Type 1 spring are developed below: 

Deflection equation for a cantilever spring, tapered at 
one end to one-fourth the width (as illustrated above) is 

PLA 


d= 3H 


(1.3) (9) 
Since I= bf*/12, then 
6 PL 


. . Me _ PL(t/2) _ 
ee ees. eh (10 
Combining Eq (9) and (10) and simplifying gives the 
spring-dimension equations: 
0.87 S, 7° 
Ed 


i= 


b = 6 PL (12 
Sat 


Weight of the tapered cantilever spring is that of a 
Text continued on page 52 

SIX POPULAR SPRINGS > 

for absorbing impact. Sample problem 


on following page compares them quickly 
and easily for weight requirements. 
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TYPE 1- TAPERED CANTILEVER LEAF 


My = ee (Pa) 


_ 0872 ,. GPL 
is 





TYPE 4-OVERHUNG TAPERED LEAF 


5 = SF Let/Z5lo j 
3? (087 Ly) PH) 
; = ped 
Ed 
_ 6Ple 
12S, 








TYPE 2 - TORSION BAR 


for circulor cross-section: 


L = aie D 


TYPE 5-OVERHUNG TORSION LEAF 
ar 


6Plo 
12Sp 
6lop (lL, + /25Lq/)(Pd) 
” Le R(Sp 5/26) + 0874 (5,2/E) 


- L[ SLR , 287 Splo* | 
d 26 E 








TYPE 3- HELICAL SPRING 


W, = = ae <$ (Pd) 


D= / 5402) 


J 
N = No. of turns = aeatee (Pa) 
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TYPE 6- TENSION STRAP 





SPRING FOR ABSORBING SHOCK continved) 


FOUR WAYS of modifying 
basic spring types to produce 
nonlinear characteristics. 


cantilever spring without a taper. Therefore 


W, 0.62 biLp 


% . 6 PL 0.87 8,1 8S, 6 PL 
= 9 
Ws 0.62 ( S,# )( Ed ya P )( 8,2 ) 


Simplifying leads to 
4.31 Ed 
S? 

The allowable stress, S, is not necessarily the ultimate 
or yield stress, but must be consistant with design practice 
employed in the particular application. For example, 
with the usual ultimate safety factor of 1.5 for aircraft 
(not considering fatigue), S may be taken as ¢ ultimate 
stress or as yield stress. 

Although the expressions for spring weight are based 
on a single spring, if multiple springs are employed (in 
parallel), their total weight will be the same as fox a 
single spring. 


W, = (Pd) 


Nonlinear Springs 


Almost any linear spring can be modified to give a non- 
linear spring rate. For example, where a very stiff spring 
is required for a maximum energy condition, the spring 
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can be made softer in the range of more frequent small 
shocks, as illustrated above. Equations for weight and 
dimensions remain approximately the same as for the 
linear springs. 

The weight equations all contain the ratio Ep/S,’ or 
Gp/S,*. Therefore, if all other factors remain constant, 
the ratios can be used to compare the effect of various 
materials on weight. 


SAMPLE PROBLEM—SHOCK PROTECTION FOR 
ELECTRONIC ASSEMBLY 


An electronic assembly is to be packaged for air ship 
ment so as to withstand a free fall of 12 in. Equipment 
can safely tolerate a load factor of 9.0. Springs are to 
be made from 2024-T3 aluminum alloy (p = 0.10 
lb/in*®, E = 10.5x10° psi, G = 4x10° psi, S, = 42,000 psi, 
S, 26,700 psi). Weight of equipment is 100 lb. Find 
the lightest practical spring system and determine its 
dimensions. 


2hWn _ (2)(12)(100)(9) 


oe te @ — 2) 


- = 3080 


This value can be employed with any of the spring 
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systems illustrated on p 51. For example 


ype 1 Tapered Cantilever 
4.31 Ep 


Ss 


W, = Pd 


4.31 (10.5)(10%) (0.10 


(42,000 


W. « 3080 


7.6 
[ype 2A—Rectangular Torsion Bat 


3.3 Go 
3 J Pd 
S, 
4) (10°) (0.10) (3080 57h 
26,700)? — 
l'ype 2B—Circular Torsion Bar 
2.2 Ga 


2 
W, ~~ Pd 3.8 Ib 
S? 


Type 3—Helical Spring 


2Gp 
: 


ed 


W, 


10°) (0.10 
26,700 


W’, 3080 


I'ype 4, Tapered Leaf, overhung, | 


6 Ep / ac 
S / iis 


6 (10.5 3080 2.25 \ 
l a7 ) 


1.25 L 


Ww, 
0.87 / 


10°) (0.10 
$2,000 


WW 


w, 
I'vpe 6, Tension Strap, Rt 


13.25 lb 


10) (0.10) (3080 


ferred over 


Type 2B because of the ease in fabric: 
'ype 2A and in fastening it to the shipping crate 


I ting 


There 


fore, dimensions for both Type 2A and Type 6 spring 


are now examined: 


Type 2A Design 


lb 


d 
R 
H 


L 
3 


Assume R 
3 PR 3 


Su 


10 in., ft 
100)(9 
26,700) (1 


1.0 


10 


Pd 


1 3080 
nWR 9 


0.342 radians 
100 


10 


1PG 


PR 


0.342)(1.01)(1)(4 
(3)(9)(100) (10 


1 


I 51.1 in 


As this length appears large for the application, 
thickness is reduced to t 


the 


0.25 in. Thus 


1.01 


0.25 


0.342) (4.04) (0.25)*(4) 


This 


mounted at the 


spring ¢ 


bearing one-quarter of 
one-quarter otf the arca A 


the same 


Type 6 Design 
Assume R 
PR 


S 


| 


Ed 


85.5 in. 


18.4 Ib 


42.000 
1.84 |b 


For the problem on hand, ‘Type 2A or 


ferred over ‘Type 3 because the torsion bars require less 


space under the equipment. 


Also, ‘I ype 


EDITOR’S NOTE—Several interest- 
ing side points were brought out by 
the author: exceeding the yield stress 
of a material; multi-rate springs; and 
comparing various materials by exam- 
ining the ratios Ep/S,° or Gp/S,*. For 
more information see 

Tap the Reserve Strength in Metal 
Parts, Sep 29 "58, p 44; More on Re- 
serve Strength in Metal Parts, Dec 21 
59, p 45. Charts and formulas show 
how far you can go beyond the yield 
point and get away with it 

How to Design Multi-rate Helical 
Springs, Jan 20 "58, p 76. Two special 
methods for assembling springs in 
series obtain multi-rate character- 
istics. 

Your Guide to Springs That Store 
Energy Best, Nov 10 ‘58, p 71. Equa- 


to 


PRODUCT ENGINEERING + FEBRUARY 1, 1960 


an 


S; ( R 


4.04 in 


1 
12.5 in 


3 (9) (100) (10) 


be divided into four separate units 


corners of the shipping crate, each unit 
P, and each 


All other 


unit requiring only 


dimensions remain 


10 
100 
42.000 


)- 


910 


Pd Ek 
nWs 


10.5 
(10 


3080 
$2,000 


10 
100) 


(i)-s 


Increasing the ratio R/r would reduce the length 


this often leads to impractical dimensions 


springs may not 


2B may be pre cxamination 


the 


stresses or some 


tions where 


2A may be pre 


tions and tables that give 
comparisons, among many 
and spring types 

Cantilever Defiection-factors, Jan 4 
60, p 59. Formulas and curves for flat 
springs and beams under concentrated 
distributed and bending-moment loads 

29 Ways to Fasten Springs, Dec 21 
59, p 66. A rundown of ingenious at 
tachments for extension, compression 
and torsion springs 

Reinforced Plastics for Better 
Springs, Nov 9, 59, p 74. Directionally 
reinforced epoxy laminates are more 
efficient than steel for many leaf-spring 
applications. Gives stress equations 

Giass-fiber Sleeve-springs for High 
Energy Absorption, Aug 17 '59, p 60 
This latest development from the re- 
search laboratories of a world-famous 


definite 
materials 


l'ype 


Thus 


be as attractive as they appear on casua 


Ihey are employed nevertheless in applica 


gher 


permanent detormations are permissible 


load factors are high, or where hi 


handle five 
times the from impact 
than steel springs. In 
cluded are charts and equations giving 
spring, and 
characteristics 

Saving Space with the Liquid Spring, 
Aug 17 "59, p 54. A single liquid spring 
can provide as much “springiness” 
coil springs of same length 
diameter. Article tells why and 
How to Lick Spring Tangling, June 
"59, p 74. Packaging methods that 
will keep springs from tangling and 
distorting in shipment 

How Much Force to Defiect a Spring 
Sideways? Jan 5 ‘59, p 71. Formulas 
for force and stress when a load dé 
flects a vertically coll spring 
in a lateral direction 


manufacturer 
kinetic 
can equivalent 


gun can 


energy 


stress, energy-absorption 
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30 and 


how 


99 


loaded 
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DIMENSIONAL 
ANALYSIS 
IN 10 STEPS 


To derive an empirical equation relating a 
large number of variables, start with dimen- 
sional analysis. It won’t give a complete solu- 
tion—only experimental data can do that— 
but it shows the form of the equation and 
reduces experimental work. Here’s the clas- 
sical mathematical tool reduced to a step- 
by-step procedure that ensures accuracy, no 
matter what the problem or how complex. 


DIMITRI KECECIOGLU 


Asst to director of mechanical engineering 
Industries Group, Allis-Chalmers Mfg Co 


Why 10 steps? Why not simply begin with the familia: 
Buckingham Pi Theorem and proceed in an orderly way to 
the solution? It’s concise and explicit: count the number 
of variables, subtract the number of fundamental dimen 
sions represented, then combine variables until you have 
that number of independent dimensionless products 
What’s been overlooked? 

Several things. For simple problems with few variables 
the usual method may be easy enough, but dimensional 
analysis is not traditionally applied to simple problems 
It is, in tact, most valuable when the number of variables 
is large and the relationships complex. Unless you have a 
great deal of experience with dimensional analysis you 
may miss one or more of the variables that affect the 
solution—or perhaps you haven’t reduced them to theit 
fundamental dimensions. Further, although you have the 
required number of dimensionless products, what proof is 
there that they are independent dimensionless products? 

This 10-step method minimizes such errors without sac 
rificing mathematical simplicity. 


Traditionally a powerful tool 

The simplicity and broad application of dimensional 
analysis is already well established. However, the 10 steps 
given here ensure that every precaution is taken in solv- 
ing a problem. They emphasize the importance of the 
technique—the ability to give a partial solution with no 
more information than a knowledge of what variables 
affect the physical phenomenon that is being studied. 
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1 State the problem 


2 Bersales 


3 B3t-ette ee ee 
their dimensions 


4 ety eee 


La Write an equation for each fun- 
damental dimension 


6 BW eee ea 
7 Bon eu aoe 
8 By ee 


9 ee i ed 
general solution 


1th Simplify or put in more useful 


The following example shows how the mathematical 
tool can save hours of computation and days of experimen 
tal work. Suppose you want to find the rate of heat trans 
fer, h, from a short vertical plate to the surrounding air. 
A study of the problem shows that h is a function of seven 
variables: height of plate, L, coefficient of thermal conduc 
tivity, k, heat capacity of air, c,p, temperature drop, @, 
coefhcient of expansion of air, 8, kinematic viscosity of air, 
v, and acceleration of gravity, g. Or 


h L j Cop, 8, B wg 


Dimensional analysis reduces this to a functional rela 
tionship having only four groups of variables. 


AL : L’g 8 0 Cy pv , 
p-1[(4E) (4) 09] 


With this as a framework, the exact relationship can 
be found by testing a plate in the laboratory with the 
dimensionless groups above as the true variables. In 
this case, the final equation became 


AL = 0.59 L'g 8 Oc, p 
k 5s ek 


Jobs it can do 


There are six areas where dimensional! analysis saves 
time, reduces computational effort and helps locate errors. 
One was illustrated in the example above, showing that it 
will: 


e Give a partial solution to any problem, working from 
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the variables that effect the result. 
In the partial solution, the large 
number of independent variables is 
reduced to a smaller number of di 
mensionless products—the true inde 
pendent variables. 


Dimensional analysis will also 


© Simplify graphical presentation of 
data by reducing the number of 
independent __ variables Plotting 
groups of variables against one an 
other on dimensionless coordinates 
requires far less graphical effort than 
plotting individual pairs of variables 
against each other 

e Establish laws of similitude which 
give mathematical relationship be 
tween a functional model and its 
full-scale counterpart. This is useful 
for predicting performance of a new 
design from an inexpensive scale re 
production. (For full details of this 
application and design data, see the 
special report, “Structural Models 

They Preview Stress and Strain 

Oct 26 "59. P 5s 

e Derive important dimensionless 
numbers that govern common physi 
cal effects. Reynold’s 
Mach number, 


number, 
Prandtl’s number 
are typical examples of parameters 
A partial list of 
parameters is shown at right 


derived this way 
© Help check errors when writing 
equations 

® Point out promising lines of at 


tack when planning experiment 


THE 10 STEPS 


All fundamental equations in 
ence and engineering are dimension 
illy homogeneous. That is, each term 
of an equation can be expressed in 
dimensions—if the first 
term is velocity, L7 


the same 
, all other terms 
must reduce dimensionally to LT 

Thus, if the variables that enter the« 
equation are known, a study of their 
dimensions will show how thev must 


combine to form a homogeneous 


} 


; 
equation In dimensional analysis 


variables are combined in groups t 


form dimensionless terms, called pi 


terms. The following steps outline a 
practical method for formulating the 


pi terms from the variables 


STEP 1. State problem 
Be concise but aim for an expres 
sion that has broad application, not 
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COMMON DIMENSIONLESS PARAMETERS 
For relating dynamic flow in geometrically similar systems 
VL ; 
Reynolds Number R= £—— , density 

oe , velocity scale 
length scale 
viscosity 
velocity scale 
acceleration of gravity 


*, velocity scale 
, velocity of sound 


densit: 
velocity scale 
scale 
‘ace tension 


density 
velocity scale 
bulk modulus 
a coef. 
thermal-conductivity coef. 
thermal-expansion coef. 

: — of gravity 
lengt 
density 
viscosity 


specific heat 
viscosit 
eemmahcunducivity coef. 


gic 
’ 
mental data is } 


ordinates, the 


one limited to a narrov per: here w be a meaning] 
ing conditions 


EXAMPLE: Find relationship be 


tween internal efhiciency of a gas tu : OO! peer mn wl unneces 

; : “gh , 
bine and its other operating variables included, the ansv 
wus terms. A variabk 


mbine dimensionally 


, rial shou] hb 

STEP 2. Determine the NI uner = variat hould = b 
significant variables : 

Include all significant variables, but EXAMPLE: The irternal efficiency 


no more. Form a theory of the mech f a gas 


turbine, », is a function of 


inism under study, even a crude onc onstant. R: specific heat of gas 


to help discover what variables enter , #; inlet gas pressure 


the problem. A complete knowledge discharge pressure, ps; inlet tem 


1f the specific branch of science is not perature. 6: ference dimension, D 


required; experimentation, reasoning, tational speed, N. Or 


] 


ind a review of the literature wi 


hi 
usually vield all the needed variables 
Although acceleration of gravity 
usually a constant, it often appears in 


the solution. If there is doubt, it can 


STEP 3. Express variables 


ve included; if it is not required, it in terms of their dimensions 


will not appear in the results. Othe: Use a consistent system of dimen 
constants, 


of light, Boltzman constant) if ap yne, mass is a fundamental dimension 


density, viscosity, velocity ons I'wo systems are common: in 


plicable, should also be included 


If necessary variables are omitted 


a fundamental 
dimension. The mass system is pre 


in the other, force is 
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ferred for most engineering problems 
Io convert from one system to the 
ther, apply the formula M FL~*1 
Dimensions of common quantities 
ire shown in table at right.) 

Form a table snowing the expo 
nents or the dimensions for each vari 
ible, Allow a ¢ 


ind a row for 


olumn for each variable 
each fundamental di 
mension. Table should be arranged 
with the dependent variable in the 
first column, the independent variable 
that is 


tally in the second column, followed 


easiest to regulate experimen 


by each of the other independent vari 
ables arranged in order of increasing 
difficulty 


EXAMPLI 
N 


of regulation 


STEP 4. Compute number 
of pi terms 

Subtract number of fundamental 
dimensions, n, 


ibles, m. To be certain there are no 


from number of vari 
extraneous variables and that they are 
properly arranged in the table, exam 
last n columns of the table 
If there are tw 


ine the 
) or more identical col 
umns or rows (or if columns or rows 
differ by the me factor 
variables to make rows 
ill different 
EXAMPLI 


nown apd 


, rearrange 


and column 


The last four columns, 
have different dimen 
ions and none of the rows are identi 


will be 9 4 


re, there 


STEP 5S. Write equations for 
fundamental dimensions 

Referring to the table of dimen 

sions, write n homogeneous 

from th« 

rows of the table as coefficients of vari 

ibles. Replace the symbol for the first 


m n 


linear 


equations using numbers 


variables with « symbols be 
it the left 


consecu 


ginning with the variabk 
ind numbering 
Thus, the 


becomes 7 


subscripts 
first variable in the 
, the second, z., etc 
EXAMPLI In the gas 


roblem, the four equations are, 


turbine 


0 
—pr+D—pt+2 R=0 
-2 ms —2 pr—u—-2R=0 


0 


DIMENSIONS OF BASIC QUANTITIES 


STEP 6. Solve the equations 


There are n equations and m un 
knowns. Solve for the last n un 
knowns in terms of the # symbols. 

EXAMPLE: Solving the equations 
for p, D, w, R, in terms of the 


symbols gives, 


Mass System 


* in 

Lt 
ML“T~ 
ML“T~* 
ML~ 
MIT 
MI’T~ 
MI?T-*e> 
MLT™ 

T- 


L’T-*6" 
ML~ 1-97 
MT-6~ 


Force f ystem 


PLe" 
F 
T 


L*T-t¢e" 
FL“@ 
FL“T“'¢@> 


L L 

M FPL“T 
ML“T~ 

MI*T* 

Lt 

ML’ 


ML“*T-* 
ML“T* 
MI/T 
ML“T* 
ML“T= 
Te 


ML“T~ 
MT~ 

6 

T 
MLT“*¢e" 
et 

LT 
ML“T~ 
DT 


STEP 7. Set up a matrix of 
solutions 

Construct a matrix with a column 
for each variable and a row for each 
of the m — n # symbols. Place num 
bers in the cells of the matrix accord 
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ing to the following pattern: the num 
ber | appears in each of the cells that 
upper left to 
lower right across the rectangle made 
up of the first m n rows and col 
umns; fill the cells in the last n col 
umns with coefficient 


run diagonally from 


of the # sym 

bols in equations of step 6 
The remaining cells are marked 

ZCTO. 
EXAMPLI 


columns with » symbols and variables 


Labeling rows and 
respectively, and completing the ma 
trix gives 


R 


l 


i 


STEP 8. Form pi terms 

Each row in the matrix of solutions 
gives one w term with exponents on 
the variables from the numbers in the 
When the terms 
are written, check each to see that it is 


cells of the matrix 


dimensionless and independent. Sub 
stituting fundamental dimensions for 
the variables in each pi term will indi 
cate that they are dimensionless if all 
Further, the 
groups are independent if the product 


dimensions cancel out 


of all groups (or powers of a group 
does not equal | 
EXAMPLE 


terms are 


From the matrix, 


6R 


pe D 


Substituting dimensions proves that 


each is dimensionless Inspecting 


terms and their powers shows that no 
one is a product of powers of others 


EDITOR'S NOTE: For other mathe 
matical tools that save time and re 
duce experimental work, see 

Too Many Solutions, Oct 14 ‘57, p 
93 A description of the simplex 
method of linear programming for 
finding optimum distribution of vari- 
ables. 

Queueing Up, Nov ‘55, p 188. The 
theory of waiting lines and its appli- 
cation to production flow problems. 

Linear Programming Can be Easy 
Math, Mar 3 ‘58, p 55. A pencil-and- 
paper method for certain types of 
linear programming problems. 
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FIVE VARIABLES IN COMPACT FORM show 
perature, pressure, efficiency of a gas turbine 
cant variables from a nine-variable expression derived in 


STEP 9. Write function rep- 
resenting general solution. 
Combine w terms in the form, 


nm =f To, 7s, Fs, « T_—2 


EXAMPLE: In a gas turbine 
Pe ir) 


STEP 10. Simplify or put in 
more useful form. 
New a terms can be formed from 


, N M 0 R i i 
Pe ’ PPD 


riginal terms or by 
Again, check each 
that it is dimension 


powers of the 
combining terms 
new term to s« 
less and independent 

Choose those terms that, when 
combined with the experimental data, 
give the simplest equation. Or, if the 
data is too complex to fit an equation, 
plot the results with the most con 
venient « terms as the dimensionless 


Latin Squares for Fewer Tests — 
Same Accuracy, May 12 ‘58, p 92. A 
statistical shortcut which gives a 
limited amount of information from a 
minimum number of experiments. 

Design of Experiments—Blind Spot 
for Researchers, Sep 22 "58, p 34. An 
argument that shows advantages of a 
statistically designed experiment over 
classical experimental methods. 

Dynamic Programming — a New 
Tool for Maximization, May 11 ‘59, p 
34. This method solves programming 
problems that are not linear. 

Experiments That Have Statistical 


relationship among speed, tem 
These are the five most signifi 
the example below 


ordinates on two axes of a chart 

EXAMPLI 

, DN uvRO 

Vrs VR @ : pe D 
giving 


DN yvVRO Mm & 
VRO' mD' pr’ R 


Further, for a particular gas in a 
ven turbine, the equation reduces to 


Dp \ 
Pe’ We 


which can be plotted as shown in the 


The new terms are 


chart above. It shows, in very com 
pact form, the relationship ymong al 


five variables 


REPRINT COPIES of this report ere 
available for 25 cents each by address 
ing Reader Service Dept., Product 
Engineering, 330 W 42nd St, New York 
36, NY 


Certainty, July 6 °59, p 66. Full-fac 
torial experiments evaluate all com 
binations, give maximum information 
from a large number of tests 


Regression Analysis Digs Out Equa- 
tions From Scattered Data, July 20 ‘59, 
p 62. A statistical tool finds mathe 
matical relationships between two o1 
more variables. 


Ready-made Design Simplifies Mul- 
tivariable Experiments, Dec 21 ‘59, p 
56. Cookbook method sets up a frac- 
tional-factorial experiment that gives 
maximum information from minimum 
number of tests 





how to estimate cost of 
HI-TEMP ALLOY PARTS 


A rule-of-thumb guide when deciding on complexity of part and method 
of manufacture—for 16 different high-temperature materials. 


R H PATCHEN 


Production engineer 
Aerojet-General Corp, Azusa, Calif 


Hiich strength materials suitable for high-temperature 
service—100 F and higher—all offer problems in machin 
ability. Piece cost varies widely with the material selected, 
the method of production and complexity in design. 

Cost of materials for these high-temperature alloys range 
from $3 to $4 per lb up to $15 or $20. Some are adaptable 
to forging and casting; others must be machined from 
solid 4 

But complexity of design is the most important cost 
factor. If the part can be just a length cut from a stock 
bar or tube, cost of material is the controlling factor. A 
more complex part, such as a turbine wheel with integral 
curved buckets and an internally threaded hub, might 
run the machining costs so high that material cost alone 
could be of minor importance. 

Quantity can be a large factor too. Needs range from 
one or two pieces needed for a feasibility study to 10 
pieces for performance testing, 25 for development, or 
production quantities in hundreds or thousands with pro 
duction tooling 

When quantities are low, numerical control can often 
reduce the cost of machining, but requires data on tooling, 
feeds, speeds, finish and coolant for the material selected 

rhe design problem is to get some comparative costs 
as a basis for selecting the material and production proc- 
ess, and to weigh cost against performance for specific 
design details. Our approach has been to collect cost data 


EDITOR’S NOTE: A number of recent 
articles discuss design problems faced 


Titanium Carbide, Nov 11 '57, p 84; 
physical properties of a new cermet 


and estimates on the three “‘typical’’ parts shown here, from 
our own records and a number of other sources. 

Coordination of such comparative data involves a great 
deal of judgment, influenced by the zange of problems 
faced by each contributor. But a start had to be made 
somewhere, so we assumed a part of moderate size, requir 
ing 10 lb of material if machined from solid, with form of 
such complexity that machining costs for B1112 steel 
would be $10. Quantity was taken at 25 pieces. Cost 
figures were collected on material and machining (leaving 
out tool costs) for the same part made by either of three 
methods—machining from solid, casting, or forging—from 
16 different high-temperature materials. For comparison, 
B1112 steel, and 416 and 303 stainless were included. 

Weight of material required varies with the process, 
and for the high-cost alloys some allowance should be 
made. We assumed that forging requires 75% of the 
weight of material for a part machined from solid, and 
casting needs 70%. 

These narrowing assumptions, and cost experience on 
parts that closely meet the assumed conditions were the 
basis for the accompanying table which compares the total 
cost of making the same part from various high-tempera 
ture materials. Some of the alloys that are not yet avail 
able in the form of castings are listed for comparison. Costs 
shown are on the basis of the selling price of the part 
from a vendor or from another division of the company. 


erties; prediction of long-time be 
havior from short-time data, based 


in applying high-strength high-tem- 
perature alloys: 

Test for Oxidation Resistance, Apr 
27 '59, p 48, gives hot strength for sev- 
eral high-temperature alloys. 

Carpet Plotting for High-tempera- 
ture Materials, Jan 5 ‘59, p 60, offers 
a new technique in presenting data to 
aid in selection of material. 

New Superalloy Bids for Hot Jobs, 
July 21 '59, p 76, gives design data for 
Rene 41 in comparison with other 
high-strength alloys. 


58 


compared with superalloys for high- 
temperature components. 

High-temperature Stainless, Apr ‘57, 
p 135, compares properties, stability 
and fabrication methods for eight 
alloys at service from 600 to 1400 F. 

Nitride-bonded Silicon Carbide, Feb 
‘57, p 135, offers mechanical properties 
at elevated temperatures, design limi- 
tations and cost data. 

Metals at Elevated Temperatures, 
Oct '56, p 160, discusses influence of 
temperature on a wide range of prop- 


on the “homolegous” temperature 
scale. 

High-temperature Materials, Sep 
56, p 186, reviews early developments, 
alloy systems, properties and methods 
of evaluation 

Heat-resistant Cast High Alloys, 
Feb '55, p 163, discusses strength and 
corrosion resistance under repeated 
thermal cycling. 

Fabricating High-strength Steel, Dec 
‘55, p 170, gives heat-treatment, plat- 
ing, machining specs for 4340 steel. 


PRODUCT ENGINEERING + FEBRUARY 1, 1960 





i 





THREE REPRESENTATIVE PARTS 
on which machining cost data were 
obtained as a basis for the cost compari- 
sons given in the accompanying chart. 





Discaloy 
Wospoloy 
J-1500 
Hastelloy B 
Cast hastelloy C 
J ~ 1570 





=_—=. Casting 
——= Forging 


exzxza Machining from solid 





N° 155 eee rereee 


S 816 
Inconel 700 | 
Cast inconel 713 








Udimet 500 


CD === 


Nn e——————— x 


4. A. 4 


Cee eer eee ere 








4... 4. 





0 $50 


APPROXIMATE COST OF MATERIAL AND MACHINING 
for a “typical” part that would require 10 Ib of material if 
machined from solid, aud $10 machining cost if made from 
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$200 $250 $300 $350 
- Cost - 


B1112 steel. Two stainless alloys are included for refer- 
ence, While not all the alloys listed are available in cast 
form, cost figures for castings are given for comparison 
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To meet new drive line requirements on its 1960 
model trucks, a major truck manufacturer needed a 
special, lightweight but strony universal joint—a unit 
that would provide greater torque capacity without 
increasing swing diameter. Rockwell-Standard en- 
gineers were consulted, and in a cooperative effort 
the new “58WB” was developed. It is now being used 
on several models in the manufacturer’s 1960 line. 

The design of the new “58WB” is applicable to 
medium-weight trucks, off-highway equipment, small 
crawlers and front-end loaders of approximately 14 
yards capacity. It can be made up as a complete 
drive line, furnished as a component part for a manu- 


Atriher Fhodul Uf... 
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facturer’s own drive line, or utilized in close- 
coupled drives. The “S8WB” offers these outstanding 
advantages: 

*® More capacity than any joint of comparable size. 
The “S8WB” provides 39,000 inch pounds torque 
capacity with a swing diameter of only six inches! 


*® Key-type yoke. Requires only four bolts for instal- 
lation on original equipment. Saves downtime for 
repairs. 

For more details about the new “58WB” or for help in 
solving any problems involving universal joints or 
drive lines, write or call us today. 


ROCKWELL-STANDARD LR, 


‘onen- 2 -2en- es - Bmnen. 


Division, 


Allegan, M 
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* 4... “Introducing . 


Those First Awful Minutes . . . Take 
a couple of long breaths before you 
stand up, then stand easily erect (not 
rigid) with your head up. Your collar 
will be too tight, you'll feel faint, 
you'll drip perspiration, your knees 
will wobble. 

That's stage fright; everybody who 
speaks well has it; no good speaker 
ever loses it. Don’t try to cover this 
nervousness with an indifferent man- 
ner—you will appear remote to the 
audience. Start talking; in a few min- 
utes the nervousness will go away. 

Mentally hating every member of 
the audience, or thinking that each 
one owes you money, are two stand- 
ard ways to keep stage fright under 
control. Another is to catch the eye of 
an individual in the mass of faces and 
to begin talking to him. When you're 
sure he is listening, move on to an 
other, and another. 

Have your initial sentences be some 
thing you know almost without think 
ing, so you get used to your own voice, 
even an anecdote or a story if you 
must, but better a challenging state 
ment in which you really believe. By 
the time you're finished with that, 
your reflexes will be working again. 


Delivery . . . An old actor will always 
caution you to speak slowly, distinctly 
and extra loudly for the first few sen- 
tences. This helps the audience to 
become familiar with your voice and 
any peculiarities of dialect or accent 
you may have. Most important: 
TAKE YOUR TIME. Pause between 
longer phrases o; sentences to look at 
your notes or collect your thoughts. 
Be deliberate enough to avoid slurring 
words, but not slow. If you pause 
within sentences, you'll find you are 
“ah-ing” or grunting. 

As your talk progresses, be sure you 
look at various parts of the audience. 
Don’t speak at the audience, but 
with a group of individuals, as you 
do in conversation. Try to break your- 
self of the nervous American habit of 
starting the sentence at high pitch, 
then dropping the end—lowering your 
voice so it becomes difficult to hear, 

Lastly, put yourself into your pres- 
entation. You're talking about your 
ideas; let your enthusiasm and convic- 
tion show just as they would in pri- 
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..’ You’re On! 


vate conversation. If you feel like ges- 
turing, gesture; don’t hold it in. Your 
earnestness will do the major job of 
establishing communication. 


Visual Aids . . . Many speech teach- 
ers advocate some visual aid in the 
first few minutes to get audience at- 
tention—a homely illustration or 
point in which you use some familiar 
gadget as a prop. Thus the salt and 
pepper shakers can be two people or 
two towers, the pointer can be a 
gantry, and so on. The prop gives 
actuality to what you are saying. 

Commonest of visual aids is the 
slide. It is also the most irritating 
when poorly handled, because it neces- 
sitates changes in lighting and the 
audience must read it. Therefore, 
make sure your projector is powerful 
enough (the home projector—250- or 
300-watt bulb—won’t do for more 
than 25 or 50 people) and the screen 
large enough and high enough to be 
clearly visible. A strong projector 
makes it unnecessary to get the room 
“snore-black.” 

Slides should be thumb-tabbed so 
the projectionist won't have to hunt, 
and should be in order from front to 
back, proper side up. It is better to 
arrange your talk to group the slides 
rather than scatter them—this avoids 
continual adjustment of the lights. If 
you plan to jump back to a slide, it 
is better to provide a duplicate in the 
proper place so the operator isn’t 
required to make a fast fumble in the 
dark. If you cannot, flag the slide 
with a special white or yellow tape so 
it can be picked out quickly. Talk out 
your slide plan with the projectionist. 
Give him a copy of your speech if 
you can, with the slide areas marked. 

Slides of drawings should usually 
be made from special simplified 
sketches with double-weight lines and 
lettering twice the usual size. Use 
color and shading to bring out areas 
of particular interest. On a complex 
subject, it is a good trick to use a 
series of slides, the first one simply 
giving outlines, the second more de- 
tail, and so on. They can all be made 
from the same sketch by photograph- 
ing it in various stages. 

Simple models and charts on easels 
are also helpful, if they are large 


enough to be seen. The easel chart 
isn’t much use, even if big, when the 
Another 
helpful on occasion is the reflex pro 
jector for full-size pages. With prop 


group exceeds 50 device 


erly prepared drawings, it is possible 
to draw in details or point out ele 
ments while the audience watches 
Lastly, there’s the working model 

if it can be depended 
graphic, can be started easily, and is 


upon, 18 
not too noisy. Otherwise, leave it un 
til the end and ask the audience to 
come up and inspect it. The same 
goes for samples or leaflets; the fastest 
way to lose the audience is to give 
them something to look at or read 
before you start. 


How to Stop . . . When you reach 
the end of your subject, STOP, don’t 
dribble. If possible, end with a sum 
mation or recapitulation of what 
you've said, or finish on a high note 
If you cannot, just say “thank you” 
and sit down. 

Next week, we discuss platform 
etiquette. 


A reprint will be available including all 


seven lessons in this series. To get your 
copy, circle P42 on Reader Service Card. 
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General Motors 
announces 
anew name 

for its 

Moraine Products 
Division 


BRAKE ASSEMBLIES ¢ POWER BRAKES * BRAKE FLUIDS ¢ BEARINGS ©* SINTERED METAL PARTS * FRICTION MATERIALS * DAYTON, OHIO 





shaft twist: 


DESIGN FILE 


CHARTS SHOW 
EQUIVALENT SECTIONS 


Here’s an easy way to find the dimensions of a hollow circular, ellip- 


tical, square or rectangular shaft with the same torsional deflection as 


a given solid circular shaft. 


DR BISWA NATH GHOSH 


International Harvester Co Ltd 
Doncaster, Yorks, England 


In designing a shaft, the maximum 
twist under operating loads is often 
the deciding factor. Generally for con- 
tinuous operation at constant load, 
more twist can be allowed than when 
many stops and starts are necessary 
(0.08° per foot is widely accepted for 
all general-purpose machinery). 

Using the nomograph on page 65 
you can quickly find the dia of a 
solid circular shaft for various values 
of torque, torsional deflection and 
rigidity modulus. From this solid- 
shaft dia you can quickly estimate the 
dimenisons of shafts with different 
sections, but equal twist. The follow- 
ing examples show how 


EXAMPLES 


Given T 20,000 in.Ib; @ = 
0.00193 radians; N 12 x 10° psi. 
Draw secant I from point 7 
20,000 in.-Ib to point @ = 0.00193. 
Where secant I intersects the turning 
scale, draw secant II cutting N at 
12 x 10°. Scale D shows required dia 
for solid shaft is 1.72 in. 

To find the equivalent shaft of this 
material for various sections, proceed 
as follows, using the same values for 
torque and twist: 


Hollow Circular Section 


Let d./d, = 1.5. 

Draw secant III joining 1.5 on 
d./d, scale with 1.72 on D scale 
Required d, = 1.21 in; d, = 1.21 x 
1.5 = 1.815 in 

Note: On d./d, scale 1.189 is 
specially marked. Use this value when 
d, = D. (eg. if D = 2 in., a hollow 
shaft of d, = 2 in. and d, = 2 x 1.189 
- 2.378 in. dia can replace the solid 
shaft. ) 
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SHAFT-SECTION 


FORMULAS 





D,d,,d;,d,.d,,8 


eo’ i? mM? 


§ = twist, radians 
T = torque, in.-ib 
L = length of shoff, in. 
N = modulus of rigidity, psi 
,2,6 = shoft sectional dimensions, in. 





Shaft section 


Angle of twist @ = 








32 TL 
_ 
7 (d, d)N 








2 
I6(d- + a 
Td, dN 

















7. TL 


s*.N 























3.33 (a°+b*) TL 


a” boN 











Elliptical Section 

Let d,,/d, 2.5. Secant III gives 
i, = 1.2] ins d. 1.21 x 2.5 
025 in 
Square Section 


Since side s is represented on the 
left-hand side of the solid circular 


shaft scale, simply read corresponding 
values of s for given values of D 
Thus, if D = 1.72 in. dia. s 1.56 


in 


Rectangular Section 


Let a/b = 2.5. Secant Ill gives 
b = 1.09; a = 1.09 x 2.5 = 2.725 in 


continued on page 65 
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(15) Powentne “TIMING” BELTS from the Power Unlimited complete belt line 


Even the youngsters 
are making time with 
the U.S. PowerGrip 
“Timing” Belt 


Howard Industries, Inc. (Sumter, S. C.) use the U.S. Power- 
Grip “Timing”® Belt to get perfect transmission response on 
the Go-Karts they manufacture. 

Says Howard E. Short, president, “This car is being raced 
with gratifying results by children and adults. The U. S. 
PowerGrip “Timing’ Belt provides positive transmission of 
power. Our engine is a 24 h.p., 2-cycle chain saw engine 
turning up at 6200 r.p.m. 

“U.S. PowerGrip ‘Timing’ Belt drives made it possible 
to economically convert this motor for installation in the 
Go-Kart. Since ‘Timing’ Belts are fixed drives, they need no 
maintenance or adjustment and they whiz the Go-Kart 


Mechanical Goods Division 














along at speeds of 35 to 60 miles per hour, depending on 
the drive ratio.” 

U. S. PowerGrip “Timing” Belts with speeds ranging to 
16,000 r.p.m. and up to 1000 h.p. have made tem: not 
only the efficiency of the Go-Kart, but literally the design 
and production of hundreds of appliances and equipment, 
ranging from sensitive electronic devices, office Seadiisery, 
household equipment and gigantic production machinery. 

One way to get expert transmission counsel is from the 
U. S. Rubber Distributor. He’s your best on-the-spot source 
of technical aid, quick delivery and quality industrial rub- 
ber products. 


United States Rubber 


WORLD'S LARGEST MANUFACTURER OF INDUSTRIAL RUBBER PRODUCTS 


Rockefeller Center, New York 20, N.Y. 
64 CIRCLE 64 ON READER SERVICE CARD 


In Canada: Dominion Rubber Company, Ltd. 
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shaft twist: 
CHARTS SHOW 
EQUIVALENT SECTIONS — continues 
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Who makes and meets 


your Wire Cloth Specs? 
CAMBRIDGE does . . 


To assure you of wire cloth fabrications that 
give long and satisfactory performance, we 
have experienced engineers who can draw up 
prints for your approval if necessary, and 
trained production men who can quickly and 
accurately fabricate parts to your most rigid 
specifications. 


To fill your most diversified bulk wire cloth 
needs, we have thousands of items in stock—in 
all meshes, wire sizes, metals or alloys—ready 
for prompt delivery. 


Modern machinery, careful workmanship and 
constant inspection assure you of exact mesh 
count and mesh size. And, our field engineers 
follow up your order to see that our product is 
giving the best possible service. 


We make wire cloth from any metal or alloy— 
including titanium—in nine basic weaves—from 
finest to coarsest mesh. Call your Cambridge 
Field Engineer for information. He’s listed in 
the yellow pages under ““Wire Cloth’’. Or, write 
for FREE 94-PAGE CATALOG. 


The Cambridge 
Wire Cloth Co. 


Department P « Combridge 21, Md. 


Manvufocturers of Wire Cloth, 
Metal-Mesh Conveyor Belts, Wire Cloth Fabrications 
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SIGNIFICANT COMPONENTS 
MATERIALS, PROCESSES 


yt oe 
Flexible, iris-type, control-valve diaphragm . . . 
is energized by remote-control button and electric-motor drive to regulate flow and 
shut-off of bulk materials 
varied from fully closed to wide open by energizing motor 

Contains no metal parts that can prevent operation at 
control point. Valves can be installed at inaccessible locations where manual operation 
is impossible. In many cases, operation of more than one valve can be controlled from 
a central location. Desired open position can be held against head load of bulk material 
or low air pressure. Priced from $335 to $410 in even sizes, 4 to 12 in. dia 
6- to 8-wk delivery. Syntron Co, 240 Lexington Ave, Homer City, Penna. 
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Diaphragm, which forms concentric aperture, may be 


Resilient surface rolls 
material with it in closing 


To order 


Thermoplastic-sheet molds . . . 

are vacuum-formed around electrical components and filled with epoxy resins in 
casting process. System employs skin wrap in which opening 1s made at top for 
lead wires to be brought out and resin to be poured in. When resin has been 
poured into mold, part is ready for curing. Any number of articles, of varying sizes 
and shapes, can be skin-wrapped simultaneously, limited only by size of vacuum-forming 
machine, Steel molds already in use can serve as master mold to make plastic form 
increasing production capacity Because production is, therefore, no longer limited 
to number of steel molds available, room-temperature curing or slower heat-curing 
rates are now feasible. Electrical Products Div, Minnesota Mining & Mfg Co, St Paul 
or Campco Div, Chicago Molded Products Corp, 2717 N Normandy Ave, Chicago 35. 
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Solenoid lock for rotary switch 
prevents unauthorized or accidental chang: 
Mechanisms 


an be provided to lock every position ol 
otary vitch so that no setting can 


re lease d 


f ircuit-contro settings 


hanged until soleno ck 
vith some position ked and other 
for local ntr Releas« an 
ted by energizing solenoid or, wh 
safe protection is required 
nergizing solenoid. Coils are availabk 
peration at |< +, on v dc, and 
be impregnated t meet MIL-1 
Eight-position switch can be furnished 
assemblies with l 15, 20 or 2 
tions, and with variety of contact arra 
ments. Basic electric rating is 10 a 
125 v ac. Switches can be supplied 
meet MIL-S-21604. Delivery, abx 
days. Electro Switch Corp, King Ave 
Weymouth, Boston 88. 
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Sealed mercury-contact relay 
is available in range of voltages, rat t 
20 amp 


Contacts are tungst 


mercury, hermetically sealed in ga 
prevent oxidation of points. Operat 
with low voltage on primary side Ur 

xplosionproof and dustproof. Car 
ised wherever repeated contact 
quired; as_a voltage-control relay wher 
reduction in voltage would be dangerous 

as an overload, voltage-control relay t 
protect equipment from unusually high 
surges of voltage. Price, about $30. Deliv 
ery, 4 to 5 wk. Energy Kontrols Inc, 
15 S First St, Geneva, Ill 
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COMPONENTS « MATERIALS «+ 


PROCESSES 


continued 





Submergible fhp pumps... . 
operate while fully or partially submerged 
lubricant fluids, machine-tool coolants 
us other liquids. Pumps, retailing 
to $30, are offered in three models 
200 to 514 
Che small, brass pumps are sealed 


ipacities ranging from 
und are equipped with molded 
ord sets, leakproof terminal 
high torque—low temperature 

pring-loaded Neoprene oil sea 
ind stainless steel shaft. Thomas Beckett 


& Co Inc, Dallas. 
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High-speed rotary switch .. . 
makes up to 100,000 contacts per min 


atact module at 2000 rpm) with 
mtact bounce. Two-lb contact pres 

»f coin silver against rhodium-flashed 
uit ring and contacts hold contact loss 

tently less than 0.000,3 ohm. False 
x signals are said to be elimi 
n under acceleration of 50 g in 
axes. Multiple, 


sliding contact 


que to 1.3 in.oz max pet 
vafer. Range of circuit arrange 
vith 1 to 101 


wailable, for 


contacts per modular 
operation with 
to 1 v. Units are lightweight 
itact switch weighs 64 oz and mea 
tandard-range switches 

vered in 2 to 6 wk. Genge Industries 
Inc, Products Div, 1500 E Colorado St, 
Glendale 5, Calif. 
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> in. dia 


High- -torque transducer .. . 


r+ 


measurements of pressure 


, liquid 


temperature, mechanical motion 
imilar variables into shaft position 
erating transmitting  slidewires, 
switches, analog-to-digital encoders, 
ion ontacts or other devices 
liner in electronic balancing system 
balancing motor that provides 
positioning. Sensing element 
apsular, helical or differential 
init. Motion 


through linkage, 


transmitted from 
positions core of 
ferential transformer. Coil is reposi 
ved through mechanical feedback sys 


tem to return electrical system to balance. 
positioned by shaft indicates 
measured variable on 3}-in. dial. Readout 
is any function of measured variable, as 


Pointer 


determined by type of cam used in re 
Standard 
Bristol Co, 


balancing system accuracy 1s 


0.25% of span Waterbury 
20, Conn, 
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Subminiature clutches, brakes 
ure for application wherever size-weight 
ratio is critical. Clutching and braking are 
accomplished without angular displacement 
Input and output shafts 


with servo-mounting pilot 


or axial motion 
are concentri 
within 0.001,5 TIR. Precision, stainless 
ABEC 5 or better, are 


Operates on 1.2 


steel ballbearings, 
shielded where exposed 
vy at 24 v de. Guidance Controls Corp, 
110 Duffy Ave, Hicksville, NY. 
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Remote vernier adjustment ... 
positions, controls and duplicates move 
ment of valves, clutches, brakes, throttles, 
transmissions, feed mechanisms, and 
engines on test stands and similar ap 

Manually 


linkage locks master-unit lever in approxi 


plications operated hydraulic 


mate location, then vernier adjustment 
permits precise lever travel of +5 
Master units are also available with lock 
only Hydronic 12685 Armold, 
Detroit 39. 
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Corp, 


High-speed squirrelcage 
motors ... 

are available in 100 to 5000 hp, 514 to 
3600 rpm, in frames 584 to 11320. One 


piece, wrap-around,  steel-plate cover 


running full length of frame provides drip 
proof protection and increases rigidity 
Double-end 
max cooling. Available with silicone rub 
ber, as well as with class A, B and H 
insulations. Ideal Electric & Mfg Co, 
Mansfield 85, Ohio. 
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ventilation system provides 


Motor-mounted pumps. . . 

for pressure lubrication, filtration, circula 
tion and transferring of liquids up to 750 
SSU, are supplied in these sizes: ¢, 14 and 
34 gpm. Built with steel-fitted, 
fitted or construction. Me 
chanical seals or conventional packing are 
Available with }-, 4- or 4-hp, 
single-phase, 1750-rpm motors; open or 


Viking Pump Co, Cedar 


bronze 
all-bronze 


optional 
explosionproof. 


Falls, lowa. 
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Vane-operated limit switch . .. 
that is + smaller and said to cost 4 less 
than the previous model will be available 
this month. Front-or-top-operated unit can 
be normally open or closed; has single- 
pole contacts, with or without indicating 
light. Operation is said to be consistent 
within + 0.002,5 im., providing path of 
vane is maintained. Response time is 
Normal contact rating 


is 115 v ac, 0.2 amp make or break; 115 v 


about 0.001 sec 

ac, 0.75 amp max. Operating vane can 
iron or steel about vy to 
fs in. thick by 14 in. wide. Said to be 
capable of over 256 million operations with 
General Electric Co, Sche- 


be any magnetic 


static control 
nectady 5. 
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Single-cylinder hydraulic rams 
are single-acting units with capacities 
from 2 to 50 tons; max working pressures 
of 8650 and 10,000 psi. Nine sizes range 
from 1té in. long with @ in. stroke, to 
204 in. long with 134-in. stroke 
from solid, round, steel stock and honed 
to precision tolerances, rams have in- 
dividually treated packings. Owatonna 
Tool Co, 727 Cedar St, Owatonna, Minn. 

Circle 312 on Reader Service Card 


Bored 


Flexible-metal pressure hose 

said to meet Government specs, is available 
in coated, galvanized stcel, stainless stee] 
Recommended for 
hot or cold liquids under pres 
sure. Phosphor-bronze hose was developed 


or phosphor bronze 
conveying 


to reduce magnetic permeability and to 
Packed 
with UL-approved asbestos yarn. Offered 
in these ID sizes: 4, 3, 1, 14, 14, 14, 2 
24 or 3 in. International Metal Hose Co, 
Ashford Ave, Bellevue, Ohio. 

Circle 313 on Reader Service Card 


resist seasonal weather cracking 


PVC, shrink-fit boot .. . 

wraps around cable jacket and connector 
terminating a cable or assembly cable, 
and is then sealed to prevent moisture 


from penetrating. Made of 105° vinyl 


continued on page 69 
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with shrinking factor of about 3 
Can be furnished in any size or con 
figuration. Zippertubing Co, 752 S San 
Pedro St, Los Angeles. 


Circle 314 on Reader Service Card 


V2-in. plug-in valves . . . 

for electrical and pneumatic circuits m 
corporate one-piece housing for solenoid 
and pilot; aluminum bodies and sub-bases 
Single- and double-solenoid control valves, 
which are pilot operated and offer four 
wav control, are available in any voltage 
wx cycle, and with ac or de solenoid coils 
These values operate from 35 to 200 psi 
in air service. Flow area through valve 
ind sub-base equals that of full 4-in. pipe 
Separate exhaust ports are tapped 3? in 
NPT with 4 or 3-in. NPT inlet and 
cylinder ports. Valvair Corp, 454 Morgan 
Ave, Akron 11. 


Circle 315 on Reader Service Card 


Spherical roller bearings . . . 


for heavy-duty applications are designed 


with double row of large-size rollers to 
accommodate heavy radial and shock loads 
Single, spherical, outer raceway compen 
sates automatically for shaft misalignment 
in any direction, either initially or dy 
namically under load. Offered in range of 


continued on page 71 
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Midis 


Don’t let adaptation and compromise determine your 
gearing specifications. Custom-made gears and gear boxes 
from Cincinnati Gear are competitively priced— yet, they 
afford the design engineer full freedom to incorporate 
the exact transmission components he requires to suit 
his specific need. 


Send us your prints for quotation. 


THE 
CINCINNATI 
GEAR CO. 


Wooster Pike and Mariemont Ave Cincinnati 27, Ohio 
® Custom Gear Makers Since 1907 


GEARS, good gears only 
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Gasket engineering 


SEALING 


ALUMINUM FLANGES 


As heat expands aluminum flanges, gaskets often crush and 
extrude and bolt loading is reduced. New engineering research points 


way to better seals on these flanges. 


Where aluminum flanges are used 
and particularly where they are exposed 
to alternate cycles of heat and cold 
crushing and extrusion of gaskets and 
serious loss of bolt torque are often 


encountered 


FT 


TORQUE LB 


> 


HEAT 


| | 
I I 


t 9 


This diagram shows effect on torque reten 
tion of thermal cycling to 300° F. of gas 
keted joint with one aluminum flange and 
one cast iron flange. Torque increase from 
A to B results from aluminum expansion; 
B to C represents normal torque loss at 
constant oven temperature; C to D is loss 


To study this problem, Armstrong 
engineers set up simulated service tests 
with stock automotive transmission 
housings. These housings all have large 
aluminum members that are subject to 
wide variations in temperature, and all 
require high flange pressures. 

The initial result of the tests indi- 
cated—as expected—that the expansion 
of the aluminum had the effect of in- 


70 


li 
TIME—HOURS 


E. M. SMOLEY, 


Research Physicist 


ng Research and Development Center 


creasing the unit load on the gasket 
The consequent crushing and extruding 
of the conventional fiber gaskets led to 
substantial loss of bolt torque 

The study also turned up other data 
unique to aluminum flanges. This is the 
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resulting from aluminum contraction. Solid 
line is average result of tests with Accopac 
AN-890, which retains about 90% of the 
original bolt torque. The dotted line repre 
sents average test results with conventional 
gaskets, which retain only about one-third 
the initial torque loads after cycling. 


difference between “hot” torque read- 
ings—taken while the transmission is at 
300° F. and “cold” readings, taken after 
the assembly cools. With iron or steel 
flanges, there is no significant difference 
between these readings. With alumi- 


num, however, the difference often is 
20% or more 

The difference between “hot” and 
“cold” torque readings is a measure of 
the ability of a gasket to “folkow” the 
flange as it undergoes dimensional 
change. Ideally, a gasket should show 
no difference between hot and cold 
torque readings. It should resist crushing 
under high pressures and high tempera 
tures—and it should compensate for the 
contraction of the flange as it cools 

Because conventional materials fall 
short of these requirements, Armstrong 
engineers set out to develop a new type 
of gasket. Their work resulted in a new 
beater-saturated material 
Accopac AN-890. This new gasket re- 


asbestos 


sists crushing under pressures of 100,000 
psi at temperatures up to 350° F., and 
it has superior torque retention charac- 
teristics 

If you have a problem with gasket 
seals on aluminum flanges, our research 
may be helpful to you. We will be glad 
to make suggestions if you will submit 
details of your problem to us. 

Much detailed information on other 
problems of gasket design, selection, 
and perform- 
ance is contained 
in the Arm- 

Gasket 

Design Manual. 

Write today for 

your copy of this 

32-page book 

Address Armstrong Cork Company, 
Industrial Division, 7102 Irvin St., 
Lancaster, Pennsylvania. 


Strong 


(Armstrong GASKET MATERIALS 


1860-1960 Beginning our second century of progress 
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series and sizes, with cylindrical or tapered 
Bearing Div, Hoover Ball and 
Bearing Co, 5400 S State Rd, Ann Arbor, 
Mich. 


bore 


Circle 316 on Reader Service Card 


Self-aligning pedestal mount 
was originally engineered to replace a 
costly solid block in circuit-breaker 
Duplicates 
mountiag-bolt interchange 
ability with doubk 
channel cross-section is reported to be 
suitable for sleeve-type, bearing-ball units 
Ball-and-socket eliminates 
need for shimming or machined surfaces 
l'riangle Mfg Co, Oshkosh, Wis. 
Circle 317 on Reader Service Card 


more 


design center height and 
spacing for 


Stamped support 


combination 




















Teflon packing-ring sets . . . 


? ind ne iil 


strated) and wedge 


stvle ire said to make tight, secure seals 


inder min gland pressure. Nominal force 


ipplied to gland causes resilient rings to 
lide against each exerting pressure 
wainst stem or rod and against bore of 


tuffing box. Suitable for static and semi 
static packing applications where rotation 
Chemical & Power 
Products Inc, 11 Broadway, New York 4. 

Circle 318 on Reader Service Card 


$s not a_ tactor 


Probe-type thermostat . . . 

designed for automatic household appli- 
adjustable to 
tween 70 and 500 | 


mces 1S temperatures be 

Adjustable set 
screw permits calibration to compensate 
for mechanical or 


appliance at 


thermal variations in 


installation Thermostat 
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assembly also contains all wires and heat 
adjusting 


immersion of applianc Cc 


control to permit complete 
For ac operation 
Has 
In black 


Thermostat 


only, to 230 v and 1650 w max. 
single-pole, single-wire controls 
plastic housing American 
Corp, South Cairo, NY. 
Circle 319 on Reader Service Card 


Fail-safe de-power source .. . 
operates from ac power and is generally 
used where dc power must be sustained 
if and when ac power is interrupted. Also 
used for low-voltage, high-capacity, dc 
reference-voltage applications. Models are 
available with outputs between 1.2 and 
several hundred v dc, and with capacities 
between 20 milliamp-hr and 23 amp-hr 
American-Monarch Corp, 2801 37th Ave 
NE, Minneapolis 18. 

Circle 320 on Reader Service Card 


Variable-speed pulleys .. . 

in five sizes to 1 hp, with speed ratios to 
2.8:1, have been developed as low-cost 
units, Curved pulley 
achieve full belt 
construction. Lovejoy Flexible Coupling 


Co, 4856 W Lake St, Chicago 44. 
Circle 321 on Reader Service Card 


faces are said to 


contact Lightweight 


Non-drift miniature switch . . . 
is said to have contact life of at least 
100,000 cycles through 12 positions with 
out apprec iable increase in contact resist 
ance. Dia: 14 in. For low-power selector 
switching applications 
Mil standards. Standard layouts are re- 
ported to handle most circuits. Delivery, 
approximately 3 to 4 wk. Trolex Corp, 
Sub of Chicago Telephone Supply Corp, 
McHenry, Ill. 

Circle 322 on Reader Service Card 


Housing exceeds 


24-hr dial clocks . . . 

has flange OD of 6y6 in; bolt 
in. and dial 
depth of case is 32 in 


circle of 6 
face is 5 in. dia. Over-all 
The 110 ac 
timing motors for 50- or 60-cps operation 
are available at $88 list, 2-wk de 
livery; those for 400- or 500-cps operation, 
$120 list, about 4-wk delivery. Haydon 
Instrument Co, 165 W_ Liberty St, 
Waterbury 20, Conn. 

Circle 323 on Reader Service Card 


about 


Electric clock movement. . . 

is 1 in. deep by 3 in. dia and attaches to 

panels 4 in. or thinner by threaded center 
ount. Threaded second shaft and arbors 

fit standard hand sockets. Has 1.25-w 


motor with mechanism and 
Available in hand- or 
back-set types, for operation at 115 v, 6 
ps. Wm L Gilbert Clock Co, Div Gen- 
eral-Gilbert Corp, Winsted, Conn. 


Circle 324 on Reader Service Card 


directional 


motor support 


Stock in-line coupling . . . 
und slip clutch is available in range of 


pin-type hubs 


ores; in split o1 Spring 
lip torques are from 0.05 to 

in.-07 \ shaft-to-shaft 
misalignment of up t 10 in 
Backlash 
to be l( min maXimulh Pic 
Corp, 477 Atlantic 
NY. 


adjustabk 
ommodates 
angular 
misalignment up t is said 
Design 


Ave, East Rockaway, 


Circle 325 on Reader Service Card 


Long-life potentiometer . . . 


is reported to be capable of more than 


85 million cycles at 500 


rpm with no 


change in total resistance, no significant 


nued on page 
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Here’s How to Make Hose 
Work Better, Last Longer! 





LOW COST, BALL BEARING 
SWIVEL 
JOINT 


genre 
' 
sav * 
FOR PIPING, 
TUBING, HOSE 


— , RwAN 
hentai ON 





Jor Hydraulic or Pneumatic Seruice 


Here is the new BARCO SINGLE PLANE SWIVEL 
JOINT that swivels in one plane only. Ideal for use 
as a swivel connector: 


@ Key to Better Engineering! Small, light, inexpensive. 
Very low torque under pressure. Neat, space-saving 
installations. Easy to position lines accurately. 

@ Many Uses: (1) To make piping or tubing movable, 
flexible! (2) As swivel connectors on hose to eliminate 
torsional working stresses and long radius bends. Longer 
hose life! Shorter lengths required! 

@ Sealed, Unitized Construction. Built with ball-bearings. 
O-ring seal. Choice of styles; sizes 4", 4%", 4", 4%". For 
service to 2,000 psi, —20° to 225°F. Other types available 
for higher ratings. Ask for Catalog Sheet 406. 


BARCO MANUFACTURING COMPANY 
527C Hough Street ~ Barrington, ner, 


choose from 
Atlantic India's 


thousands of 
rubber 
molds and dies 


A 40 year accumulation of molds and dies 
are now on hand at Atlantic India, ready 
to serve you. Chances are one of our 
standing molds or dies will fit your needs. 
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a-c ¢mall motors 


If it happens that your application calls 
for a unique rubber product we have years 
of “know-how” at your command. What 
ever your need, washers, gaskets, molded 
parts, extrusions, sheet or sponge rubber, 
Atlantic India is ready to serve you. 


SEND TODAY! 
Catalog No. 52 
158 pgs. showing 
thousands of 
diagrams 


Atlantic India Rubber Wks., Ine.: 


MOA DAN) 
Producers of the _ “** ra UN line of Rubber Products 


high-torque 
fast-reversing motors 


For servo-mechanisms, 
remote switching and 
positioning devices, recording 
instruments, and voltage 
regulators. Adaptable to a 
variety of control circuits 
(including electronic) and 
power requirements up to 
1/25 hp. Meet the 
specifications of many 
applications requiring a 
compact, powerful motor. 


& 

ep 

- = 
a 


For longest life per dollar 
lnecubent put Barber-Colman 
geared motors into your 
product. High-quality 
construction throughout 
accurately hobbed gears 

high torque, positive starting. 
Wide choice of models: 
Unidirectional, reversible, 
synchronous 


BARBER-COLMAN COMPANY 
Dept. B, 1212 Rock Street, Rockford, Ill. 


573 West Polk St., Chicago 7, Illinois 
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. continued 


change in linearity, and with “noise” 
throughout tests less than 50 ohm. Wear 
performance is attributed to patented 
capsule-contact in combination with wire- 
wound resistance element. Principle in 
volves dimpling contact on gold foil by a 
rolling pressure piece. Technology In- 
strument Corp, Main St, Acton, Mass. 
Circle 326 on Reader Service Card 


400-cps unrectified solenoids 

are available in two sizes, with externally 
adjustable stroke length and linear action 
that may be either push or pull. Smaller 
model weighs 1.3 oz and consumes 13 w; 
larger model weighs 5.1 oz and uses 40 w 
Both operate continuously at from —65 to 
450 F. May be used singly or stack- 
mounted. B H Hadley Inc, 10681 Santa 
Monica Blvd, Los Angeles 25. 


Circle 327 on Reader Service Cord | «=COST-CUTTING PRODUCTION TEAM! 
... the two-way answer to assembly problems 


predetermines phase sequence of motors 
without starting equipment, and has 
built-in fault-detector that is effective for 
two- or three-phase, three-wire, ungrounded 
systems. Phase detection can be effective 
on two-phase, three-wire systems and 
three-phase, three- and four-wire systems, 
within operating range of 200 to 500 v, 
600 cps ac. Unit measures 23 x 24 x 1 in 
and is self-contained. Priced at $19.95 
Glo-Lite Instrument Co, 428 Penshine 
Ave, Newark 12, NJ. 

Circle 328 on Reader Service Card 


Assembly problems are a designer's problems, too. Here’s a combina- 
Servo calculator . . . tion that cuts production costs and gets rid of assembly problems in a 
is reported to permit rapid solution of hurry—Milford Tubular Rivets made to high quality standards to 
servo problems without lengthy calcula- assure a better finished product for you... Milford automatic rivet- 


tions. Can be used to design and evaluate . : : ; 
closed-loop feedback systems. Calculator Setting machines that can be quickly adapted to your particular 
fastening needs. 


and plotting paper sell for $4.50. Control 
Aids, PO Box 207, Woodmere, NY. Milford’s Manuat oF Mopern Riveting Practice may have the answers 
Circle 329 on Reader Service Card to your riveting problems. Ask 2 Milford Representative to show vou 

how to use this manual to cut production costs. 


Leather pocket case . . . 
holds engineer’s slide rule, pen and pencil 
Compartment in back holds note-pad or 


letters. Large steel clip, which grips MILFORD 


pocket, is encased in leather. Pigskin re 4 L | an oO <7 D wt | os & T 
pocket case is only $3.95 ppd. Remco 
& MACHINE CoO. 


Products, 1641 South Ave, Rochester 20, 
NY. MILFORD, CONNECTICUT e@ NORWALK, CALIFORNIA 


Circle 330 on Reader Service ELYRIA, OHIO © AURORA, ILLINOIS @ HATBORO. PA 


PRODUCT ENGINEERING + FEBRUARY 1, 1960 CIRCLE 73 ON READER SERVICE CARD 73 





Fishing Tackle Maker Gets a New Angle on Plastics 


Many manufacturers are now looking to Grex high density 


polyethylene for new products and new profits. One such 
company is B. F. Gladding Co., Inc., manufacturers of 
quality fishing lines since 1816, Gladding’s choice of the 
Grace plastic for a new line of tackle boxes marks a major 
innovation in the company’s products. 

lo Gladding, high density polyethylene has proved to be 
a truly remarkable material. The Gladding Grex Tackle 
Boxes are tough and rigid—withstand the roughest treat- 
ment without breaking, shattering, cracking or denting 
Drop one in the water, and it floats. Spill battery acid, oil, 
gasoline, bug repellents or silicones on the box. Such 


chemicals—normally harmful to other materials—wipe 


clean from Grex without staining, softening or marring the 
finish. Changes in temperature or weather will not cause 
warpage. Salt water will not corrode. These new boxes will 
still look new even after seasons of rugged use. 

What more could a fisherman want? Or for that matter, 
what more could you want in a high grade plastic that can 
be economically fabricated to keep manufacturing costs 
down and profits up? Find out more about high density 
polyethylene by calling in the experts. Grace has the pro- 
duction facilities, technical service and experience to help 
put your product in the Grex profit parade, Everyone says 
we're easy to do business with 


Grex is the trademark for W. R. Grace & Co.'s Polyolefins 


w.e.GRACE «co. | 


POLYMER CHEMICALS DIVISION 
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Can high density polyethylene 
be used in existing molds? 


Of the seven molds used to produce 
Gladding’s tackle boxes, six were origi- 
nally built for a material other than high 
density polyethylene, Modifications 
were required in cooling and gating. 

Proper cooling. When designing molds 
for high density polyethylene a prime 
consideration is to obtain as small a 
temperature gradient as possible across 
the face of the mold. In this case, addi- 
tional channels were cut into the molds, 
flow of existing channels was changed 
and bubblers were put opposite each 
gate. These modifications served to bring 
the coldest water closest to the hottest 
material for more uniform cooling. 

Conversion to multi-gating. The molds 
as Originally built utilized a single direct 
sprue gate. This system was changed to 
multi-gating by the use of a hot runner 
which provided better control over ma- 
terial temperature. With smaller sprues, 
the need for three-plate mold construc- 
tion was eliminated and valuable daylight 
was saved for easier removal of parts 

is a general rule, proper cooling and 
gating of molds for high density poly- 
ethylene can pay off on four counts 
(1) control of warpage and shrinkage, 
(2) faster cycles, (3) reduction in induced 
stresses and strains, (4) greater uniform- 
ity in density of molded parts 

Do we know all the answers ? We have 
the experience with high density poly- 
ethylene on our side—and are learning 
more every day. Grace has solved prob- 
lems involving all types of molding, 
from toys weighing a few ounces to 
pieces of three and four pounds. Our 
Clifton Laboratories are equipped to 
handle almost any molding job. We sin- 
cerely want to place our experience and 
facilities at your command. If you have 
an application for high density poly- 
ethylene, now's the time to contact: 

Technical Service Department 
W. R. Grace & Co., Clifton, N.J. 
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Evrope’s Common Market 
and The US 


Full title of this report by the Committee for 
Economic Development is “The European Com- 
mon Market and Its Meaning to the United 
States: A statement of national policy by the 
Research and Policy Committee.” McGraw-Hill 
Book Co Inc, 330 W 42nd St, New York 36. 
72 x 11%, 152 pp. $4.75. 


At the beginning of 1958, Belgium, 
France, West Germany, Italy, Luxem- 
bourg and the Netherlands joined in 
the European Economic Community, 
better known as the Common Market. 
They adopted a 12-to-15 year program 
intended to eliminate all significant 
trade barriers among these countries, 
while systematizing their tariff struc- 
tures. While this is a desirable first 
step towards free world trade, it also 
“can hardly help being adverse to 
other countries, including the United 
States,” as this statement by the CED 
makes clear. 

The member countries apparently 
have the best intentions, because they 
emphasize in a statement of their 
objectives, problems and plans (in 
cluded in this book) that the possi 
bility that “the integration of Europe 
mav have not only favorable but also 
unfavorable effects on world trade 
is not a condemnation of EEC, but 
is rather a call to make a new 
effort to construct a world economic 
order as close as possible to the ideals 
of free world trade.” 

An equally significant step was 
taken late last vear (after this book 
was published Outer 
Seven” (Great Britain, Switzerland, 
Austria, Portugal, the Scandinavian 
countnes 


when the 


organized, admittedly in 


Already, 


seem to be some prospects of these 


self-defense there would 
two groupings of Europe's traditional 
traders reaching some kind of unde 
standing—and even, perhaps, a_ basis 
for at least limited cooperation 
Whether this happens or not, the 
direction of development in world 
trade is established. This 


valuable CED summary shows that 


clearly 


the consequences for American engi 
neering and industry in general can- 
not help but prove serious. The in 
evitable 
and the threat of a new, regional type 


of trade barrier can lastingly limit 


sharpening of competition 


American exports not only to Europe, 


but to the world as a whole. But if, 
as this study urgently recommends, 
we take the initiative for still further 
steps towards free trade (and also ac 
cept the implicit challenge -to the 
still-unequaled resources of American 
product development and production), 
we can be sure of continuing leadet 
ship in the world market. JK 


Critical Problems in 
the History of Science 


Edited by MARSHALL CLAGETT. Proceedings of 
the Institute for the History of Science, Sept 
1-11, ‘57, University of Wisconsin, University 
of Wisconsin Press, 811 State St, Madison, 
Wis. 62 x 9/2, 555 pp. $5. 

While the history of science has 
only lately been recognized as a sep 
arate specialty, it has already found its 
way into the curriculum at some engi 
neering schools. This volume reflects 
this progress by presenting papers on 
such subjects as mechanics, electrica 
phenomena, mathematics, chemistry 
and metallurgy The book also in 
cludes commentaries by some of those 
sessions 


attending the Institute's 


These are of particular value, because 
they provide, in capsule form, addi 
tional background information and a 
variety of viewpoints on the topics dis 


ussed IK 


Random Vibration 


STEPHEN H CRANDALL, Professor of Mechani 
cal Engineering, Massachusetts Institute of Tech 
nology. Technology Press, MIT, and John Wiley 
& Sons inc, 440 Fourth Ave, New York 16 
6 x 94%, 423 pp. $8.50. 

The recent developinent of higl 
power rocket and jet engines has in 
troduced a new aspect to the prol 

| he ‘¢ 
, 


yulsion units generate noise an 


of mechanical vibration 


brational energy 0o\ vide be 


frequencies Lhe 


vibration often causes 


frame panel and decreases. th 


reliability of airborne electronic equi 


} 


nent To understand the various 


phenomena and to design and t 


such service the ibra 


has had to adopt nev 


equipment ro 
hon engineer! 
tools Many of the 


have been used previously by com 


inalytical too 


munications engineers in their stud 


of noise in signal transmission. Som 
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two more cases where PARTS PRODUCED FROM 
provide excellent bearing properties 


MUELLER BRASS CO. 600 ALLOY 
screw machine product used in 
heavy duty farm equipment 


This heavy duty planetary pinion sheft, made as a screw part from tough “600” 
series bearing alloy, was the answer to a continving wear problem encountered 
in the driving mechanism of heavy-duty farm equipment and big trucks. The part 
is machine produced to exacting tolerances and all necessary finishing operations 
ere done by Mueller Brass Co. so the pinion shoft is ready for installation when 
received. Since “600" alloy parts have been installed, no operating foilures have 
been reported and the shafts have proved far superior to the material formerly used. 


") 
on 1 4 


elt by’ 


COLD-PREST 

MUELLER BRASS CO. IMPACT EXTRUSIONS 
Methods Analysis Department 
ANALYSIS SERVICE hes 66 06 te hin 
You get sound, unbiased advice knowledge of the advantages 
on the one hest method of and limitations of each produc- 





° 


making your parts because 
Mueller Brass Co. is the only 
fabricator in the country offer- 
ing all these methods of pro- 
duction. An experienced 


tion process. This unique tech- 
nical service is your assurance 
of getting the best product at 
the best price . . . made the 
one best way! 


PLASTIC INJECTION 
MOLDING 


MUELLER BRASS CO. 


PRODUCT ENGINEERING - FEBRUARY 1, 1960 





MUELLER BRASS CO. 600 attoy 


and maximum wear resistance in tough applications 
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MUELLER BRASS CO. 600 ALLOY forgings 
used in aviation air compressors 


Analyzing the job requirements of Walter 
Kidde & Company, iInc., for a main driving 
cam Pp t to be installed in a recipro- 
cating type of aircruft air compressor, Mueller 
Brass Co. Methods Analysis Engineers de- 
cided on a forging fabricated from “600" 
alley ot the most practical method of pro- 
duction. Since the cam forms the prime 
component of the driving mechanism, it 
must have good bearing wear surfaces and 
because the compressors cre used in the 
eviation industry, the cams must be com- 
pletely dependable. The close grained, strong 
forging that resists combination compressive 
and tensile stresses was the answer. 





A typicel compressor takes in ambient air 
and compresses it ‘o 3000 psi or higher. 
This high pressure air is stored in metal or 


This yoke forging is 
lightweigh!t, yet 
strong; has excellent 
' bearing wear surfaces. 


fiberglas containers until needed for actu- 
ation of p atic system P ts such 
as solenoid contro! valves, brake valves, 
manval control valves or actuators. These 
and other pneumatic units retract the en- 
trance door, operate landing gear, wheel 
brakes, nose wheel steering systems, pro- 


peller brakes or perform other functions. 





Aircraft in which Kidde compressors are 

installed include the Boeing 707, the Douglas 

DC-8, the Lockheed Electra, the Fairchild pressor equipped 

F-27 and various military aircraft. with hydravlic 
drive delivers air 

Mueller Brass Co. produces press, hammer compressed to 

er cored forgings of any practical shape 3000 psi at the 

from @ few ounces te 150 ibs. in brass, rate of 6 cfm. 

bronze, alumi and i in 27 





standard, as well as special, alloys. 


w @ 


POWDERED METAL PARTS SAND CASTINGS FORMED COPPER TUBE 


Write today for free technical 


PORT HURON - a MICH. literature on any one or ail of 


the seven fabricating metheds. 
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SPRAYED-ON 


ELEMENTS 


Electrofilm’s sprayed on — film type 
heating elements are especially de- 
signed for hard to heat contour sur- 
faces. The element can be applied 
directly to the part... or to de- 
tachable components 


® LIGHT WEIGHT 
07 Ibs./sq. ft 


@ THIN 
011” to .015” (approx.) 


@ ENVIRONMENT 
Meets mil E-5272-A-Spec. 


ILLYWOOD, CALIF 
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DESIGN LITERATURE 


continued 


of the strictly mechanical problems 
(for example, fatigue damage under 
random loading) are still incompletely 
understood and the tools for handling 
them are relatively crude. 

The material in this book is spe- 
cifically addressed to engineers who 
are already familiar with the classical 
problem of mechanical vibration. The 
new concepts required to extend ordi- 
nary vibration theory into the field of 
random vibration are described and 
a broad picture is given of the current 
state of the art of designing and test 
ing equipment which must withstand 
random vibration. 

The first six chapters treat basic 
concepts and background material, 
while the last six apply directly to 
the problems of design and testing. 
These notes were originally prepared 
in paper-bound form for the special 
summer program on random vibra- 
tion held at the Massachusetts Insti 
tute of Technology in 1958 


ABSTRACTS 
FROM THE LITERATURE 


Comparing Glass and 
Organic Fibers 

An epoxy resin system commonly 
used in laminates was selected for tests 
which involved comparison of unrein- 
forced resin lansinate with other 
specimens reinforced with glass fiber 
and Dacron fiber. Results of flexural, 
tensile impact, thermal expansion and 
certain dynamic mechanical tests are 
given. 
‘Reinforcing Action of Glass and Organic 
Fibers in Epoxy Laminates,” C. D. Doyle, Gen 


eral Electric Co; Modern Plastics, Nov ‘59, 
575 Madison Ave, New York 22. 


Corrugated Diaphragms 
Solutions of the exact, linear, elas 
tic-shell equations for all stresses and 
displacements are presented for a 
typical corrugated-diaphragm shap« 
for three thicknesses varying Over a 
9:1 range. Results were obtained by 
numerical integration using an elec 
tronic digital computer. The effect of 
variation in the ratio of thickness to 
diameter is discussed with respect to 
both stresses and resultants, and peak 
values needed for design purposes are 
presented. Circumferential and meri- 
dional stresses are found to be equally 


important throughout the thickness 
range analyzed. Bending and mem- 
brane stresses are likewise equally im- 
portant throughout the range. Peak 
values in some cases occur near the 
outer rim. 

“Bending and Stretching of Corrugated Dia 
phragms,” Robert F. Dressler, National Bureau 


of Standards, Journal of Basic Engineering, 
Dec ‘59, 29 W 39th St, New York 18. 


Creep Resistance 


Properties of alloys offering good 
resistance to creep; testing procedures 
and factors influencing material selec 
tion are discussed. 

“Choosing Metals and Alloys for Creep Re- 
sistance,” M. G. Gemmill, Central Electricity 
Governing Board (Great Britain); Engineering 


Materials and Design, Nov ‘59, Drury House 
Russell St, London, W C 2, England 


Creep Resistance of 
Molybdenum 


Results of high-temperature com 
pressive and tensile creep tests on 
single and polycrystalline specimens of 
molybdenum are given. Effects occur 
in four stages: random orientation, 
metastable locking, substructure for 
mation, substructure coarsening. 
“Effect of Prestrain and Polygonization on 
Creep Resistance of Molybdenum,” lannucci, 
Intrater and Weinig, Materials Research Corp; 


American Institute of Mining and Metallurgical 
Engineers, 2? W 39th St, New York 18 


Bourdon Tubes Tested 


To fill the gap in knowledg« 
Bourdon tube deflection data, th 
method and resuits of tests on 
different flat, oval Bourdon tubes are 


continued on page §& 
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SIR. 4% ¥ ey 1H 
LOGAN 


FREE senwo FOR THE “LOGAN CALCULATOR" 


A gift to you from Logansport Machine 
Company upon request. 


MEMBER: Natl. Mach. Tool Builders 
Assan Natl. Fluid Power Assn. 
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Itlustrated—New 9700 Series 
Piggy Back Hydraulic Control Valve 


LOGANSPO 


812 CENTER AVENUE, LOGANSPORT, INDIANA 
PLEASE SEND COPY OF CATALOG: 


CD 100-1 AIR CYLINDERS 


C) 100-2 MILL-TYPE AIR CYLS. C) 200-1 HYD. POWER UNITS 
C) 100-3 AIR-DRAULIC CYLS. [) 200-2 ROTOCAST HYD 


[) 100-4 AIR VALVES 


C) 100-5 LOGANSQUARE 
CYLINDERS 


0) 100-5-1 ULTRAMATION 
CYLINDERS 


[) 5) PRESSES 
FACTS OF LIFE 

TO: 

NAME___ 

COMPANY 

ADDRESS 


Meets J.1.C. Standards 


RT MACHINE CO., INC. 


62 SURE-FLOW PUMPS 


CYLINDERS 


750 SERIES HYD 
CYLINDERS 


and 200-7 HYD. VALVES 
SUPER-MATIC CYLS. 
CHUCKS 

BOOKLET 
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DESIGN LITERATURE 

The results are compared 
published design data. ‘The 
e evaluated to determine the 
of the 


geometric parameters. 


deflection with r 


Deflection of Flat, Oval Bourdon 
Kardos, Aviation Electric Lid, Mon 
Quebec, Canada; Journal of Basic Engi 
Dec ‘59, 29 W 39th St, New York 18 


CATALOGS 
AND BULLETINS 


SPHERICAL ROLLER BEARINGS 

g 2760, 52 pp. Covers design fea 

gives selection data and formulas 

lubrication information, shaft 

ind bearing load ratings, diagrams 

Dept PR, Link 
elt Co, Prudential Plaza, Chicago | 
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photographs and charts 


INDUSTRIAL CONTROLS — Bulletin 


ples of electrical, pneumatic and mechani 
cal controls; heat sources and their influ 


ence on control systems; circuits and 


piping arrangements. Discusses industrial 
control 
With 


Partlow 


Campion Rd, New Hartford, 


te mperature measurement and 


and nine basic types of controls 
charts, drawings and diagrams 
Corp, 532 


NY 
Circle 341 on Reader Service Card 


SYNCHROS AND RESOLVERS—Man 


ual, 26 pp. Presents application and 


measurement associated with 
control Theta In 
strument Corp, 520 Victor St, Saddle 
Brook, NJ 
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problems 


ynchros and resolvers 


REMOTE-CONTROL SYSTEMS—Cata 


log, 12 pp. Describes and illustrates typi 


al mechanical control systems originally 
developed for nuclear installations. In 
cludes photos and drawings Teleflex 
Inc, Church Rd, North Wales, Penna 
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BUSINESS AND PROFESSIONAL 
FILMS—Catalog, 16 pp 


16-mm, 


Specialized 
about 
new products, advanced industrial proc 


sound motion pictures 


Films are availabl 
on free loan. Modern Talking Picture 
Service Inc, 3 E 54th St, New York 22 
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in this revised edition 


PLASTIC AND CHEMICAL PROD 
UCTS—Booklet CDC-370, 12 pp. De 
scribes line of polycarbonate resins, phen: 
lic resins, varnishes and molding powders 
and fused magnesium oxide. Covers prod 
uct features, special properties and per 
formance of materials. General Electri 
Co Plastics Ave, Pittsfield, Mass 
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OIL, COOLERS—Catalog 1059, 10 
Description 


photos features, diagran 


all oolers for torque converte! 
il and lube oil with perforn 
diagrams of oil-to-air coole: 
including dimension tables, fan specifica 
tions and performance graphs 
diator Co, Racine, Wis 
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Young Ra 


PNEUMATIC TRANSMITTING RO. 
TAMETERS—Bulletin 18N, 4 pp. In 
cludes description of model 58 pneumati 
transmitters dimensions 
photos, sectional 
drawings and information on construction 


characteristics, 


max capacity ranges, 


101, 24 pp. Guide provides basic princi esses and cost-saving techniques are listed operation and application. Schutte & 


PLANNED 


SUCCESS 


SINCE 1942, WHITTAKER CONTROLS HAS BUILT OVER 2,000,000 CONTROL DEVICES! 
Advanced concepts now being planned at Whittaker Controls present unusual and 
challenging opportunities for qualified engineers. Why not inquire now ? 

HYDRAULIC PNEUMATIC 


FUEL FLUID CONTROL SYSTEMS 








Koerting (¢ 


Cornws 


Instrum it D Dept M-O 
Heights, Bucks County, Penna 
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MULTLSHIELDED MOTORS-— Bulletin 
196, 4 pp. Illustrates { en 
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ELECTRIC rTACHOMETERS Bri 
hur ; Specih ation perating 
man ormation and 
iwing x f Ig 
ty it Mad 
Product Madisot1 


Circle 349 on Reader Service Card 
PTHROW-AWAY TOOLING INSERTS 


Bullet Dimensiona 


nd ta § ncatri t thre 4 


drawings 
iway imserts for precisi tooling unit 
DeVlieg Microbor iv of DeVlieg Ma 
chine Co, Fair St, Roval Oak. Mich 
Circle 350 on Reader Service Card 


PAINTING 
SHEETS—b 


GALVANIZED 


chure 16 pp 


STEEI 


Explains 


ctive techniques for painting galvanized 


sheet. Committee on Galvanized 
Sheet Research, American Iron and 
Institute, 150 E 42nd St, New 
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RECORDING OSCILLOGRAPH ~— Bul 


’ 
iO pp. Covers evaluation 


ons for  galvan 


“4 


lated Electrodynamics Corp, 3 Sier 


Madre Villa, Pasadena, Calif 
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HIGH-SPEED MOTION 
CAMERAS-Brochure, 5 pp 


PICTURE 
Discusses 
n and pert 1" or motion 
amera d rit $s of 

dual models and tems. Fairchild 
amera and Instrument Corp, Industrial 
lucts Div, 5 Aerial Way, Syosset, NY 
Circle 353 on Reader Service Card 


MAGNETIC THYRATRON CON 
rROLS—Bulletin MTC 558, 4 pp. Oper 
itional information on units that are basi 
amplifers with 


all magnetic contmu 


r ) 
rue ‘ 


RELIABILITY 


WHITTAKER CONTROLS Division of 


WHITTAKER CONTROLS 
Time-Pro 


FIELD ENGINEERING OFFICES: 
ATLANTA: 
DAYTON: 
NEW YORK: 
SEATTLE: 
WICHITA: 


915 North Citrus Avenue 
Los Angeles 38, California 
Phone: HOllywood 4-0181 


er Reliability in Fuel, Pneumatic and Hydraulic Fluid Controls and Systems.” 


3272 Peachtree Road, N.E., Atlanta, Georgia « Phone: CEdar 3-5291 

Talbott Bidg., Suite 323, 131 North Ludiow Street, Dayton 2, Ohio - Phone: BAidwin 2-5595 
600 Old Country Road, Suite 327, Garden City, L. |., New York + Phone: Pioneer 1-4440 
3308 White Bidg.. Seattle 1, Washington « Phone: MAin 3-6150 

6427 East Kellogg Street, Wichita 1, Kansas « Phone: MUrray 2-0332 


APAPALITIES 
pS YS 


} 


WHITTAKER CONTROLS: Designs and produces 
aircraft and missile fluid control systems, sub- 
syst and Pp ts. WC Products are in 
every production military aircraft and commercial 
sirliner. in many of the nation's missile programs. 
Whittaker is also solving extreme fiuid contro! 





WHITTAKER GYRO: Leading designer and manu- 
facturer of electromechanica! and non-electric 
gyroscopes, including rate gyros vertical gyros. 
and position gyros. in addition, this Divisi is 
active in the sub-systems field with stable pla*- 
forms, inertial guidance equipment, and auto 
pilots for missiles. 


MONROVIA AVIATION: Producers of precision air- 

craft structural assemblies, Monrovia Aviation's 

products are installed on America’s principal mil- 

itary and commercial jet aircraft. This Subsidiary 

aiso designs and manufactures customized port 

able air conditioning units for missile ground 
purposes. 


ING SERVICES: Skilled in the estab- 
lishment and operation of data processing cen- 
ters, primarily for military and civil agencies of 
the Government. At White Sands Missile Range. 
TS! processes and analyzes missile test data. At 
Vandenberg AFB, this Subsidiary provides date 
processing services for SAC’s Ist Missile Division. 


ELECTRONIC SYSTEMS: Specialists in systems 
management, this Division also designs and man- 
ufactures a wide variety of equipment in the fields 
of electronics and nucleonics for highly classified 
Military Programs. in addition, Electronic Systems 
designs and produces Air Traffic Control equip 
ment for the Federal Aviation Agency 








DATA INSTRUMENTS: Leading designer and pro- 
ducer of data reduction systems for ground sup 
port and range instrumentations. Product line 
includes shaft rotation digital equipment, decom 
mutators, and other highly complex and special 
ized instruments for missile and aircraft testing 
telemetering and in-flight operation 


ELECTRONIC COMPONENTS: Designs and pro 
duces components, including magnetic amplifiers 
transformers, micro-miniature relays, delay lines 
and high temperature ceramic capacitors. These 
reliable components are being selected for instal 
lation in many of the country’s principal missile 
and space programs 


COOK BATTERIES: Designers and manufacturers 
of automatically and manually activated silver 
zine batteries for specialized missile application 
These auxiliary power units provide primary or 
secondary electrical power. This subsidiary also 
produces power conversion and other electronic 
apparatus. 


TELECOMPUTING 
CORPORATION 


Los Angeles, California 


Telecomputing Corporation is a unique combina 
tion of carefully integrated organizations. Iti 
staffed with scientific talent of rare ability, created 
for the purpose of managing entire Space Technol 
ogy and Weapon System Projects. Telecomputins 
is developing advanced concepts in industrial and 
military control systems 
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ously phase-variable pulse. Illustrates op 


FR ° + erational theory and presents typical 
0 ET 4 application circuits. Fairfield Engineering 
Corp, 934 Hope St, Springdale, Conn 
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STAINLESS, COLD-HEADING WIRI 

SERVICE FROM Comparison chart, 4 pp. Compar 
cost, corrosion resistance and cold-heading 

characteristics of commonly used grad 


Y0 lJ ~ POW a Universal-Cyclops Steel Corp, Station St 


Bridgeville, Penna 
g 
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HYDRAULIC POWER UNITS—B 


tin, 9 pp. Covers design features, specif 
f) RIVE tions and dimensions of variety of mod 
agate Spencer Hydrauli Inc, 2048 Clark St 


Racine, Wis 
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i 


TREE ELEELT 


ANALOG-TO-DIGITAL RECORDER 
Catalog 35-1541, 8 pp. Describes shaft 
input device that converts and 


rT 
] 


analog values in digital, binary-decima 
punched-tape form and simultaneoi 
provides digital values in electrical ft 
Fischer & Porter Co, 151 Jacksonville 
Hatboro, Penna 
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TIMING DEVICES—Bulletin, 4 
Discusses availability of timing devices 
ard controls for specific application 
Dayton Co Inc, 43 Cody St, West Hart 
ford 10, Conn 


Circle 358 on Reader Service Card 


AC SIGNAL-CONDITIONING EQUIP 
MENT-—Bulletin 109, 6 pp. Describes 
design, features and _ variable-reluctanc 


ACME Chain Drives deliver over 98% of the power fur- 
nished by the driving sprocket. There is practically no loss 255 


principle used in pressure pickups. W: 
ancko Engineering Co, 255 N Halstead 
Ave, Pasadena, Calif 
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of ratio of energy between driving and driven members. 
They reduce costly production and maintenance time and 
are easily installed. 

ACME Chains are ruggedly built of hardened steel, 
heat treated according to specific requirements of each part, 
to assure long service with a minimum of maintenance . .. 
vital to maximum production. Be sure to get more for your 
chain dollar by specifying ACME Chains. They are avail- formance values. Also contains descriy 
able in all sizes from 14” pitch to 214” pitch. tion of available accessories, explanation 


Call your nearest ACME CHAIN Distributor. He has of amplifier operating principles. Beckman 
the full cooperation of our Engineering Department. 


DIFFERENTIAL AMPLIFIER — Bulk 
tin 3015-B, 6 pp. In addition to specif 
values for standard amplifiers, specifica 
tions include formulas for computing per 


Systems Div, Beckman Instruments In 
325 N Muller Ave, Anaheim, Calif 
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EXPLOSIONPROOF CONTROLS—Br 
chure, 4 pp. Explains design features of 
controls for temperatures to 1100 F. Part 


Write Dept. 1-1 low Corp, 531 Campion Rd, New Hart 
for new 100-page ; NY 

illustrated technical / ford, Y 
catalog including new 
engineering section 
showing 36 methods of 
chain adjustments. 


Circle 361 on Reader Service Cord 


DIGITAL, MAGNETIC-TAPE _ RI 

CORDER/REPRODUCER SYSTEMS— 
Bulletin 1618, 4 pp. Describes wnits that 
operate at speeds to 30 ips and to 150 ip: 


COMPLETE LINE CF ROLLER CHAINS AND SPROCKETS + DOUBLE PITCH 
CONVEYOR CHAINS + STAINLESS STEEL CHAINS + CABLE CHAINS 
FLEXIBLE COUPLINGS - STANDARD AND SPECIAL ATTACHMENTS 
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DESIGN LITERATURE continued 
With characteristics and specs. Con- 
solidated Electrodynamics Corp, 36 
Sierra Madre Villa, Pasadena, Calif. 
Circle 362 on Reader Service Card 


SENSITIVE RELAYS—Bulletins, 2 py 
each. Describes series 100 and 150 relays, 
with input powers, contact rating, coil 
resistance, enclosure dimensions, mount 
ing and terminal styles and weight. Gen 
eral Automatic Corp, 12 Carlton Ave, 
Mountain View, Wayne, NJ 


Circle 363 on Reader Service Card 


SILICON ZENER DIODES 
SR-260, 6 pp Presents line 
sealed 


Bulletin 
of hermetically 
silicon zener diodes, including 
listings of 152 standard types and instruc 
1584 standard and 
special voltage tolerance types. Interna 
tional Rectifier Corp, 1521 E Grand Ave, 


El Segundo, Calif 
Circle 364 on Reader Service Card 


tions on selection from 
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SEAL-LESS. PUMPS—Bulletin 1100, 4 
pp. Covers design, operation and selec 
tion of purap for leakproof pumping 
Chempump Div, Fostoria Corp, PO Box 
35-7, Huntingdon Valley, Penna. 
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rEMPERATURE 
Data file, 4 pp. 
resistance bulb, which measures tempera 
ture by change in electrical resistan 

Covers three types of resistance elements 
Engelhard Industries Inc, Instruments and 
Systems Div, 850 Passaic Ave, East Nev 


irk, NJ. 
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MEASUREMENT— 


Discusses platinur 


SIDE-PLUNGER LIMIT SWITCHES 
Data sheet 161, 2 pp. Describes for 
heavy duty, side-plunger limit switches 
Includes photos, dimensional 
haracteristics, electrical rating ind 
Micro Switch, Freeport, Ill 
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drawing 


prices 


HOW TO USE TEFLON—Bulletin, 
pp. Discusses how to use sheets, rod 
tubes, tape and other standard Teflon 
shapes. Commercial Plastics & 5S 
Corp, 630 Broadway, New York 


Circle 368 on Reader Service Card 


TEFLON JOINTS AND BELLOWS 
Brochure, 4 pp. Present haracterist 

ind performance information on molded 
Tefion flex joints and bellows for n 

standard application n conditions of 
orrosion, low or high 
Resistoflex Corp, Roseland, NJ 
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temperature 


AC DRAWN-CASE CAPACITORS 
Bulletin GEA-6759A p. Infor 

n general-purpos 

tains graphs; outline 

racket and cas 

tion and list of ay le ratings. General 
Electric Co, Schen 5 
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LETTERHEAD REQUESTS ONLY 
Manufacturers who published 
terature asked that reque ) 
made on company letterhead 


PNEUMATIC ENGINEERING—Man 
ial 158, lf Conta information 
1 use of al ) correct alt ystem 
nstallation I ] harts and 


llustrating tl pr ' f ai 


graphs 
— 
a4 


Wilkerson Corp, 1656 
Girard Ave, Englewood, Colo 


irying condition 


PRINTED-CIRCUIT CONNECTORS 
Catalog section, 36 pp. Covers standard 
ard = recepta terminal st 

trips and miniatur axial Col 
as well as special-applicati 

seneral specifications include 
tion details and description of 
ind terminations. H H Br 


Burndy Corp, Toledo 1, Ol 


REPRINTS 


Selected artick 1 recent issuc 1a 
en reprinted in convenient form for 


ing. As long as the supply lasts, reade 
US and Canada can secure one copy 


vithout charge 


f “P” number reprints 

ing one of the Reader Service cards 

md inside the back Vel Note that 

rd must be used within 60 days of 
ition dat If more than one coy 


led, sec List 


Best Spring Material for High 
Temperature 
Superalloy spring stays od as new 
veral hundred cycles at 1100 and 
F. Jan 18 Circle P 30 
When Fungi Attack Your Product 
metals to 
frosted, elec 
Jan 18 Circle P 29 


Fluids for Power and Control 


it hydra flu Jan 18 


Circle P 28 


Critical Frequency of Stepped Shafts 
Equation pt time-saving way t 
al freq Jan 11 Circle P 27 


Cam Control Aids Planetary Gear 
How PTOOV d : im assist mm ptain 
tput moton 


Circle P 26 


Reserve Strength in Metal Parts 
More help on far " ( 
I Circle P 25 


Multi-variable Experiments Simplified 
\ tabula way t ta maxim 
: I n test 


Circle P 24 


Engineering-aptitude Tests 
H y 00d , th W it ft ; 
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High-temperature Reinforced Plastics 
Ly " » hehe nder 
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plasma jet oxy 
t-engine exha 
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Mechanical Reliability 
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STAKTUBE ROLL 
FILE SYSTEM 


All steel-enclosed cabinets with 
steel-rimmed tubes for easy- 
to-find, safe print storage. 
Complete with tubes: 4 1D’s, 
8 lengths, 32 sizes. Files bolt 
together for stacking to any 
height. With locks if desired. 




















9-TUBE 16-TUBE 36-TUBE 81-TUBE 
4%" ID 3%" 1D 2%" 1D 1v2" 1D 


a Ve 


the line that’s engineered 
lifetime quality service 


Stay with STACOR—all down the line . . . files thru tables. 
You're investing in efficiency and economy when you specify 
STACOR Lifetime Quality equipment for all drafting room needs. 


Write TODAY for New Complete Catalog. 


STACOR EQUIPMENT CO 


Manufacturers of Lifetime Quality, Drafting Equipment for 
School & Industry 


291 Emmet St., Newark 5, N. J.—-Bigelow 2-6600 
Warehouse Stocks in: Boston, Detroit, Hartford, Los Angeles, 
Montreal, Philadelphia, Saint John, N. B., San Francisco, Toronto, Washington, D. C. 
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Silver Brazing 
PREFORMS 


feet tenes ee 
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* 
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handbook 


Contains Information On .. . 


Preform advantages and @ Features of No Tangle 

selection Notch Coil Rings. 

Types of Blanked and @ Silver and Aluminum Brazing 

Edgewound Washers. Alloys — Soft Solders. 

Alloy calculation charts. @ Types of Flux and application. 
Send for your free copy today! 


LUCAS-MILHAUPT Engineering Ce. 


5056 South Lake Drive, Cudahy, Wisconsin 
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CURRENCY REPRINTS continued 
Reinforced-plastic Springs 

Leaf springs from epoxy laminates can 
outperform steel. Nov 9 Circle P 20 


Latest Trend in Bolt Threads 

Root radius is getting larger—75% 
threads now; 55% threads a_ possibility 
Nov 9 Circle P 19 


18 Ways to Control Gear Backlash 
This roundup includes latest devices for 

answering a chronic problem. Oct 26 
Circle P 18 


Pressure Drops in Pneumatic Systems 
New method predicts losses when com 
ponents are in series. Oct 26 
Circle P 16 


Yardsticks for Research Success 
Equations and procedures used to gage 
the future of a product. Oct 19 
Circle P 16 


8 Steps to Better Engineering Writing 
This eight-part report appeared in serial 
7 to Oct 26 
Circle P 15 


form from Sep 


3 Steps to a Battery-powered Motor 
Electric auto is example—how to choose 
the best motor for the load. Oct 12 
Circle P 14 


Closer Look at Cast Iron 
For predicting service performance, look 
at the microstructures. Oct 12 
Circle P 13 


Planetary Drive Run by Rollers 
Replacing gear drive cuts noise and 
vibration in fast planetary system. Oct 12 
Circle P 12 


Molding with Polyester Premixes 
\ different design approach is necessary 
with these reinforced plastics. Oct 12 
Circle P 11 


QUANTITY PRICES 
For single shipments of any one title to 
one address on order accompanied by re 
mittance, quantity orders will be supplied 
at the following prices as long as the sup 
ply lasts 
Quantity Price per Copy 
5 $0.25 
25 0.20 
f 0.15 
100 Write for quotation 
Make checks payable to PRODUCT 
ENGINEERING, 330 West 42nd St, 
New York 36, NY 
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SPECIAL REPORTS 


In the event that you missed some o! 
the Special Reports that appeared in Prod 
uct Engineering recently, here is a list of 
those still available. 
four for $1 by writing Reader Service 
Dept, Propucr Encrineerinc, 330 W 42 
St, New York 36. 
tance with order; we pay postage 


You may obtain any 


Please enclose remit 


Dimensional Analysis 
\ ten-step procedure for deriving an 
expression relating a large number of var 


R 30 


iables 


Damping Tapes for Vibration Control 
An inexpensive reliable and lightweight 
way to dissipate excess vibratory energ’ 
R 29 


F:berglass-reinforced Plastic 
Molded Parts 
7 key 


their strong and weak points—and shows 


processes ce scribed I xplains 


how one or the other becomes the logical 


hoice in most commercial volume appli 


ifions nw 28 
The NOR—Building block for logic 
Circuits 
Simple multiple-input electrical relay 
combined with other devices to 


R 27 


can be 
perform logic functions 


Design of External Shoe Brakes 
New equations and coefficients provide 
1 cookbook recipe R 25 
Cast Epoxies Give Time-saving Models 
(12/21/59) 
A discussion on how these plastics will 


R 25 


give shortcut prototypes 


Selecting the Right Electrical Connection 
(12/7/59) 
This special report ill types 


R 24 


ollpare ; 


permanent and separate 


Structural Models (10/26/59) 

In three parts: 1—Theory of Similitude; 
I1i—Building the Better Model; I11—The 
Model at Work R 23 


Engineering Organization in Transition 
(5/11/59) 

Study of some 50 organizations showing 
their latest setups, reasons for changes, 
budgeting, titles and ratios of engineers to 
total company employment R 22 


The Engineer's Bookshelf (New) 





EXTRA-THIN BEARING 


WITH BUILT-IN SHIELDS 


* SAVES SPACE 
© SIMPLIFIES ASSEMBLY 
¢ CUTS MAINTENANCE COST 





SECTIONAL DRAWING 
is 3 TIMES SIZE 


SIZE: 10.500” OD; 0.270” wide; 0.250” thick. 

BALL DIAMETER: 0.125” = 000025” 

MATERIALS: Stainless steel. 

MAXIMUM RUNOUT OF OUTER RACE: 0.0002” TIR 
STATIC LOAD CAPACITY: Radial, 4,630 tb.; axial, 13,200 Ib. 
TORQUE: 5 to 6 inch-ounces at 100 Ib. axial load. 





Standard bearings often impose limita- 
tions on production economy and freedom 
of design. These restrictions are often 
eliminated by special bearings, custom- 


engineered by ITI. For example 


To save space, simplify assembly and 
prevent operating trouble, we designed 
and are producing this extra-thin-section 
ball bearing, equipped with a built-in 
shield on each side in place of separate 
shields. The shields fit so closely that they 
retain the lubricant and enable the bear- 
ing to pass the standard military sand and 
dust storm test. This construction assures 
long-lived low-torque operation, and cuts 


both assembly and maintenance costs. 


YOUR design problem might likewise 
be simplified or your product improved 
by ball or roller bearings of special section 
or configuration, heat resistance, corro- 
sion resistance, ultra precision, or other 
unusual properties. We design and pro- 
duce such bearings to individual require- 


ments, in any size from 44” ID to over 


70” OD; and we invite your inquiries. 


FREE BULLETIN AFB-2 


describes our work in 
this field — shows a wide 
variety of “specials” - 
tells about factors in- 
volved in special bear 
ing applications. Write 


for it! 





INDUSTRIAL TECTONICS, Inc. 


MANUFACTURERS OF PRECISION BALLS AND BEARINGS 
3674 JACKSON RD., ANN ARBOR, MICH. 
WESTERN DIVISION PLANT: COMPTON, CALIFORNIA 
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(3/30/59) 

Detailed bibliography of technical books 
for the design engineer. Handbooks, texts 
22 subject classifications), bibliographies 
R 21 


library reference and periodicals 
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Why is it 
that the really 
busiest 
me always 
a 
seem to 
"have the 











ost time 
to read ? 








Not long ago, we talked with the 
president of a huge international 
organization. 
ing an ardent reader of a certain 
McGraw-Hill magazine. 

“When in the world do you ever 
find time to read it?” we asked him. 
“Why, 


” he said. 


it’s right here in my brief- 
case, 

This shouldn’t startle you, Im- 
portant men make time to read 
their own McGraw-Hill publica- 
tion. They know success and spe- 
cialized knowledge are bedfellows. 

How well are you reading this, 
your own magazine? Are you a 


“ec 


skimmer” or a bonafide reader? 
How about others in your depart- 
ment? When you’re finished read- 
ing, pass your issue along, with this 
particular page opened... 


Men who read more...earn more! 
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The HYDRONIC System is a distinct advance in 
the remote control field. It offers all the advan- 
tages and simplicity of a self-contained hydraulic 
system. Backlash, motion inaccuracies and instal- 
lation difficulties inherent in mechanical linkages 
or push- -pulls are eliminated. The HYDRONIC 
System is unaffected by wear and vibration, 


Master and slave maintain perfect synchroniza- 
tion even under wide temperature changes through 
114° arc with 500 in. Ibs. output in either direc- 
tion. A simple adjustment permits instant relative 
positioning between master and slave. 


Write for complete information today. 


HYDRONIC 
CORPORATION 








12685 Arnold Avenue 
Detrokt 39, Michigan 
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Paramount Die Castings protect new 
ACRO-LITE visual indicator switch... 


Acro-Lite metal-enclosed visual in- 


dicator switch. Electrical rating 
21 amperes, 2 H.P. — up to 75 
amperes inrush current 

Paramount aluminum die castings 
make up the sturdy protective 
housing of the new Acro-Lite 
switch manufactured by Acro Div 
sion of the Robertshaw-Fulton Con 
trols Co. Casting design permits 
quick, easy ossembly of the switch 


and housing, Castings require no machining except for tapping 


PARAMOUNT zinc, aluminum and magnesium 
die castings can help solve your product problems. 


It will pay you to investigate the complete die casting service available 

at Paramount Die Casting Co. Paramount's designers, sales engineers, 

and modern tooling and production facilities offer you 

an idea! die casting source 
Th plete plants—two in St. Joseph, 

M nigoan one fn Seymo / Indiana 


SEND FOR THIS HELPFUL BROCHURE 
\ 


PARAMOUNT Die Casting Co. 


Subsidiory of TALON, INC.) ST. JOSEPH, MICHIGAN 
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Rugged and Reasonable for any Application 


Here are a few of the many precision-made 
Chicago Locks available. They're engineered 
for maximum security — made of carefully 
selected and tested metals. And they empha- 
size attractive design and compactness. 

Whatever your needs, you're sure to find 
a Chicago Lock that’s perfect for your pur- 
pose . . . and priced right, too. 


*One of the ACE Lock line—Maximum security locks with 
the exclusive round keyway. 


Write today for your FREE catalog showing, in detail, 
the entire Chicago Lock line. 





CHICAGO LOCK CO. 


2050 N. Racine Avenue © Chicago 14, Illinois 
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DRUM CAM 
precision milled 
or ground 


gn World's leading 
MaNUfacture, 
LANDING GEAR CAM 

Eonic is regularly supplying 
Landing Gear, Drum, Pump, 
Face, Cylindrical two and 
three dimensional Cams to 
manufacturers throughout 


the world. 
PUMP CAM 


Design Analysis and Engineering Services Available. 


EQNIE Engineers 
Im ve Precision 


459-B E. Hollywood ¢ Detroit 3, Michigan 
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Write for 
catalog 
and additional 
information 


This Compact, * 
FUNK Unit : 
SAVED 


On this 


mixer a 


Jaeger concrete 
FUNK-designed 
double right angle drive 
provides perfect align- 
ment and positive chain 

Mounted vertically on the “unitized’ front 
trunnion stand, FUNK’s unit takes up only a fraction of 
the space normally used in such applications. 


adjustment 


Just one example of how FUNK MODULAR POWER UNITS 
may be combined in an unlimited number of arrangements 
— without special engineering costs. 


Let FUNK solve your power transmission problem. 





Box 577-D, 
Coffeyville, 
Kansas 
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F ictured above is an artist's conception of the beautiful 
glass mural which forms the rear wall of the lobby 
in Royal Dutch Airlines’ new KLM Building in New York 
City. It is a breathtaking panorama of harbor and city 
lights, sum, moon, and stars. Thousands of colored lights 
illuminating cathedral glass, twinkle through 60,000 drilled 
openings in aluminum panels which are fastened together 
with EPOLAC EPOXY ALLOY. This is just one example of 
the ingenuity from the research laboratories of Lawrence 
Adhesive and Chemical Company 


Manufacturers, research laboratories, and individua 
industries throughout the nation are finding solutions to 
their prototype problems at Lawrence Adhesive. Here, great 
skill and imagination keynote the progress in developing 
miraculous new Epolac Epoxy alloys to serve American 
industry. 


Lawrence Adhesive 
our free 


can solve your 
informative brochure 


LAWRENCE 


ADHESIVE and CHEMICAL CO. 
INCORPORATED 


problem. Send for 


19 SOUTH CANAL STREET, LAWRENCE, MASSACHUSETTS 
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Checking Surface Roughness 


YOU CAN'T ALWAYS 
BELIEVE 
YOUR SENSES! 


Tay, 
oy “4 


In judging microinch roughness by eye or by “feel,” 
sometimes you'll get the right answer, and sometimes 
not. You can never be SURE; for the “confusion factors” 
are many, and the brain misinterprets what the senses 
report — the same as with optical illusions. 

That's one reason why industry depends on a confu- 
sion-proof shop instrument—the PROFILOMETER®— 
when dependable roughness measurements are required. 

FREE BULLETIN LT1 shows why surfaces that look 
alike, or feel alike, often differ in roughness by several 
hundred percent. Write for it! You'll be interested, 
and perhaps surprised. 


Profilometer is a registered trade-mark. 
MICROMETRICAL 
MANUFACTURING COMPANY 


345 S. MAIN ST. ANN ARBOR 5, MICHIGAN 
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CHECK VALVES 


for 
Submersible 
Pumps 





SILICONE TREATED 


RUBBER POPPET 


Tapped one or two 
holes for attaching 
Pressure Switch, 
Pressure Gauge or 
Snifter Valve. 


350 


Here’s the answer to your Check Valve 
problems on submersible pumps. The 
taper-type rubber poppet is noiseless, 
does not leak, opens easily. Works in 
any position. 

All bronze body. Five sizes, %” 
through 2”. May be tapped for one or 
two side connections as shown. Used 
as original equipment by many lead- 
ing pump manufacturers. 


Write today for Bulletin 203, or telephone 
Harrison 3313 for more information. 








STRATAFLO PRODUCTS INC 
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How hard do 
you have to 
work to make 


NF “inst happen’’? 


Parm Pritchard was just promoted 
New production boss. “I just got 
the breaks,” he says 

t! He worked 
at it from the day he discovered 
his McGraw-Hill 


about Ais job, A 


Don't you believe 
publication. All 
is interests, his fu- 
ture. He read it avidly 

Parm had his eye on manage 
ment. Management had its eye on 
him. And when a man’s interests, 
and a company's interests come 
this close together, something good 
And did! 

As a reader of this 
McGraw-Hill 


deeply 


is bound to happen 
specialized 
publication, tap its 
resources And after you've 
really dog-eared this issue... please 
pass it on to the man you'd like to 
have get your job, when you're pro- 
moted. Open it to this page 


Men who read more...earn more! 





Strikes, Spares REMOTE BULB, INDICATING 


_and TEMPERATURE CONTROL 
Spincraft | 





Featuring 

Control Point 
Accuracy Equivalent 
to Individually 


Calibrated Instruments 


The UNITED ELECTRIC Type E32N Temperature 
Control is a uniquely designed instrument that is 
used to control and indicate temperatures of gases, 
liquids or hot plates over wide ranges. This unit 
contains a 12-inch scale for easily read visual indica 
tions. It is possible to replace the thermal unit in the 
field without any loss of calibration accuracy. 





Temperature Ranges —150°F. to 150°F., 70°F. to 370°! 
100°F. to 650°F. Read temperatur 

_— oe ~-- - -_-* continuou 12-inch indicating sca 
that rotates against a fixed index 


Most of the time, Spincraft’s forty years of a 2 cal and cen 
unmatched experience is spent in paiouen 

producing modern miracles for industry. Switch Ratings Up to 15 

Now, these same skills are making more re 

leisure-time bowling fun for all America. — 

This giant circle is an important part 

of the almost-human pin setting machines — 
made by Brunswick Balke Collender On-O8 Ditorentil Approximately 

Company. Brunswick naturally turned S einenhebaeaen 

to Spincraft, whose advanced Adjustment Calibrated 

metal spinning techniques produced this fixed index 

gleaming steel circle of efficiency. Calibrating mechanism pert 
Whether it’s for bowling, brewing, baking vt oncnpta Bees soe Se pare 2 
or breeders, Spincraft probably helped —___— 
make it — better! Why not consult the Automatic compen 
metalforming leader — today? om te 








Switch Types N.O., N.( 


neutral positior 




















Write for Spincraft’s Notes for an Engineer's File, UNITED ELECTRIC manufactures a complete line of 
@ series of bulletins to keep you abreast of the latest temperature, pressure, and vacuum controls. For 
metalspinning advances at Spincraft — the world’s applications requiring custom-built units or modified 
largest metalspinning plant. standard units, call upon a UE application engineer 
for recommendations. Complete data is available 
for the Type E32N as well as 

for all standard UE controls. 


ES United Electric Controls 


COMPA 
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4137 West State Street, Milwaukee, Wisconsin 


90 CIRCLE 90 ON READER SERVICE CARD CIRCLE 212 ON READER SERVICE CARD 





lo be fully informed of all the significant new development 


held is a vital and never-ending task. We make this big job easier fo 
ef you. By just using one of the attached postcards you can secure 


reprints yf articles you'll use most often for a « 


idy source of material 


omplete data on components and materials 
OMmp K p mportance to you 

. } 

il 


- 
ew Catalogs and bulletins ( those summarized 
duct Engineering have first been carefully scr 


uur large staff of engineer-editors 


a 
subscription to PRODUCT ENGINEERING 
romptly Ses 





issue of February | 


Product 
Engineering PERMIT No. 64 


se These ee ee NEW YORK, N. Y 








BUSINESS REPLY MAIL 


- 
onvenient No Postage Stamp Necessary if Mailed in the United States 





Postage Will Be Paid By Reader Service Department 
: S a PRODUCT ENGINEERING 

Ime- aVving 330 WEST 42nd STREET 

NEW YORK 36, N. Y. 


ards 





ssue of February 


HOW TO USE CARDS Product FIRST CLASS 


Engineering PERMIT No. 64 
NEW YORK, N. Y 








BUSINESS REPLY MAIL 


No Postage Stomp Necessary if Mailed in the United States 





lo start your subscription to PRODUC! 
ENGINEERING, fill in card marked Postage Will Be Paid By Reader Service Department 
ibscription’ 


CAUTION: Do not forget to print your PRODUCT ENGINEERING 


} 
name, title, address and company name 


before mailing 330 WEST 42nd STREET 


NEW YORK 36, N. Y. 
SUBSCRIPTION 





REPRIN 
Pil 
P22 


USE THESE CONVENIENT CARDS FOR A 


EDITORIAL REPRINTS AVAILABLE 


(Single reprint free — quantity prices and descriptions on page 83) 


P11—MOLDING WITH POLYESTER PRE- 
MIXES—10/12/59 

PI12—PLANETARY DRIVE 
ROLLERS—10/12/59 

P13—CLOSER LOOK AT CAST IRON— 
10/12/59 

P14—3 STEPS TO A BATTERY-POWERED 
MOTOR—10/12/59 

PIS—8 STEPS TO BETTER ENGINEER- 
ING WRITING—9/7—10/26 

PI6—YARDSTICKS FOR RESEARCH 
SUCCESS—10/19 


RUN BY 


126 
127 
48 128 
109 129 
50 110 130 
51 111 «131 
52 112 132 
53 113 133 
54 114 134 
55 115 135 
56 116 136 
57 117 137 
58 118 138 
59 119 139 
60 120 140 
TS 
Pi2 i Pi4 
P23 P25 


PIS Pi7 Pis 
P26 P28 P29 


PI7—18 WAYS TO CONTROL GEAR 
BACKLASH—10/26 

P18—PRESSURE LOSSES IN PNEUMATIC 
SYSTEMS—10/26 

P19-——LATEST TREND IN BOLT THREADS 
—11/9 

P20—REINFORCED PLASTIC SPRINGS 
—11/9 


P21—MECHANICAL RELIABILITY— 
11/16 


P22—HIGH-TEMPERATURE REIN- 
FORCED PLASTICS—11/23 


345 375 





*MULTIPLE PRODUCT 
Key No Specific Product 














Please print or 


type 


Name 


Company 


Street 


DON’T BE LOW MAN ON THE ROUTING LIST! 


Have your own personal subscription to PRODUCT ENGINEERING sent each week 
to your office or home. You are then sure that you won't miss a single weekly issue 


Further, each year of your subscription you will have your copy of the annual, 


thick Design Digest issue té"read and refer to for years to come. 


1 year—$5 


Payment enclosed 


Bill me 


U.S. only* 


2 years—$8 


*Canada 
1 year—$7 


2 years—$12 





Home 


Address Office 


City . 


Company Name 


Title 


P23—-ENGINEERING APTITUDE 
TESTS—11/30 


P24—MULTI-VARIABLE EXPERIMENTS 
SIMPLIFIED—12/21 


P25——-RESERVE STRENGTH IN METAL 
PARTS—12/21 


P26—CAM CONTROL AIDS 
PLANETARY GEAR—1 /4/60 


P27—-STEP SHAFTS—1 /11/60 


P28—FLUIDS FOR POWER & CONTROL 
—1/18/60 

P29-——-WHEN FUNGI ATTACK YOUR 
PRODUCT—1 /18/60 


P30—BEST SPRING MATERIAL FOR 
HIGH TEMPERATURE—1/18 60 


NEW CATALOGS 
AND BULLETINS 


GENERAL ENGINEERING 
344—-Business and Profs 
16 pp, Modern 


service Ine 


ssional Filn 


Talking Pict 


353 High speed Motion Picture (an 
4 8 pp, Fairchild 
Instrument Corp 


(Camera 


METALS AND ALLOYS 


Cold-heading Wire ] 
Universal-Cyclops Stee! 


bao Stainless, 
pp, 


Uorp 


NON-METALLIC MATERIALS, FINISHES 

345—Plastic and Chemical Produets, 12 

pp, General Electric Co 

}68—How to Use Teflon. 8 pp, Comme 
cial Plastics & Supply Corp 


FABRICATION PROCESSES AND 

PRODUCTION 

$51—Painting Galvanized 
16 pp, American 
Institute 


Steel 


Iron & 


Sheet 


Steel 


POWER TRANSMISSION 


340—Spherical Roller 
Link-Belt Cx 


Bearing» 


MECHANICAL PARTS 


550—Throw-away Tooling Insert 
DeVlieg Machine Co 


MOTORS, ENGINES AND CONTROLS 


$42 and Resolvers 26 Py 


Theta Instrument Corp 


Svnchros 


Remote-control 
Teleflex Ine 
348—— Multi-shielded 
ling Electric 


$45 Systems 
Motors 4 
Motors In 


ELECTRICAL, ELECTRONIC 
COMPONENTS 


341—Industrial Controls, 24 pp, Part 
low Corp 
Electric Tachometers, Madi 


son Electric 


440 4 pp 
Products Inc 
352——Reeording Oscillograph, 16 pp 
Consolidated Electrodynamics Corp 
354-Magnetic Thyratron Controls, 4 pp 
Fairfield Engineering Corp 





WEALTH OF VITAL INFORMATION .. . 


NEW COMPONENTS 


GENERAL ENGINEERING 


328—Combination Indicat Detect 


320—Servo Calculator 


$30 Leather Pocket Cas« 

FABRICATION PROCESSES 
PRODUCTION 
Flexible 
Diaphragn 


300 Iris-type ( 


301 Ther moplastic sheet Mold 


POWER TRANSMISSION 
Subminiature Clutches 
Variable-speed Pulleys 
Stock 


In line { oupling 


MECHANICAL PARTS 
316 Spherical Rolle Bearing 
317—-Self-aligning Pedestal M 
S18 Teflon Packing Ring Set 


MOTORS, 


son High speed Squl el 


ENGINES AND CONTROLS 


age Mot 





Analog-to-digital 
Fischer & Porter 


Timing Devices, 


Ine 

Ac Signal-conditioning Equipment 
6 pp, W iancko Engineering ‘ 
Differential 
man 
strument Co 


Amplifier, 6 pp Beck 


Systems Div Beckman kl 


Explosionproof Controls 4 pp 
Partlow Corp 


Digital, Magnetic-tape Recorder 
Reproducer Systems rl 


solidated 


»p { n 


Elee-Dynamics Cory 


Sensitive General 


Automat i 


Relays, 4 pp 
Corp 

Zener Diodes 
Rectifier Corp 
lremperature Measurement 
Engelhard Industries In 


Silicon 
national 


Side-plunger Limit Switches 


Micro Switch 


Ac Drawn-case Capa it 


General Electric ¢ 


HYDRAULIC, PNEUMATIC EQUIPMENT 


146-—Oil Cooler 
Co 


Radiator 


s, 10 pp Young 


Pneumatic Transmitting Rotam 
4 pp, Schutte & Koerting Co 


eters, 


Hydraulic Power Units 9 pp 
Spencer Hydraulics Ine 
Seal-less Pumps + pp 
Corp 

And Bellow 
Corp 


Teflon Joints 


Resistoflex 


ELECTRICAL, ELECTRONIC 
COMPONENTS 


302— Solenoid Lock for 


303——Sealed Mercury-contact Relay 


05—High speed Rotary Switel 


Transducet 


106— High-torque 
Vane operated Limit Switel 


PVC Shrink-fit Boot 


Probe-type Therm 


Fail-safe De-pows 


Non-drift Miniature 


24-hr. Dial Clocks 


81 101 121 141 

82 102 122 142 

83 103 123 143 

84 104 124 144 
45 85 105 125 145 
46 86 106 126 146 
47 87 107 127 147 
48 88 108 128 148 
49 89 199 129 149 
50 90 110 130 150 
51 91 111 131 151 
52 92 112 132 152 
53 93 113 133 153 
54 94 114 134 154 
55 95 115 135 155 
56 96 116 136 156 
57 97 117 137 157 
58 98 118 138 158 
59 99 119 139 #159 
60 80 100 120 140 160 


REPRINTS 


Rotary Swite 


161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 


Pil Pi2 Pi3 Pi4 PIS Pié 
P22 P23 P24 P25 P27 


Electric Clock M 


(27 1) Cps I’, 


HYDRAULIC, PNEUMATIC EQUIPMENT 


Fhp Pumy 


304 —_Submergible | 


08 Ren 


te Verni 


Flexible-meta! 


181 221 
182 
183 
184 
185 
186 
187 
188 


241 261 
222 242 262 
223 243 263 
224 244 264 
225 245 265 
226 246 266 
227 247 267 
228 248 268 
189 229 249 269 
190 230 250 270 
191 231 251 271 
192 232 252 272 
193 233 253 273 
194 234 254 274 
195 235 255 275 
196 236 256 276 


314 
315 


379 
380 
38! 
382 
383 
364 
385 
286 
387 
388 
389 


360 390 





197 237 257 277 
198 238 258 278 
199 239 259 279 
200 240 260 280 


*MULTIPLE 
Key No 


PRODUCT ADS 
Specific Product 








Pi? = P20 
P300—s« P42 











Please print or type 


Name 
Company 


Street 


Cenc we wn 


10 

1 

12 

13 113 
14 114 
15 115 
16 116 
17 117 
18 118 
19 19 
20 80 100 120 
REPRINTS 


Pil Pi2 Pi3 Pi4 
P22 P23 P24 P2s 


281 301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 


283 
284 
285 
286 
287 
288 
289 
290 
291 
292 
293 
294 
295 
296 


319 
320 
321 
322 
323 
324 
325 
326 
327 
328 
329 
330 





297 
298 
299 


*MULTIPLE 
Key No 


PRODUCT 
Specific Product 





300 











Please print or type 
Name 

Company 

Street 

City... 





@ More information on advertised products 


®@ More data on new materials and components Get 
® Copies of catalogs and bulletins offered ' 


® Free editorial reprints Com lete 
@ Your personal subscription to PRODUCT ENGINEERING D 
Information 


Issue of February |, 1960 


Product FIRST CLASS 


Engineering PERMIT No. 64 
Card expires Apri! |, 1960 NEW YORK. N. Y Se ese 
BUSINESS REPLY MAIL t . 
No Postage Stamp Necessary if Mailed in the United Stotes onvenient 
| 
TI S 6 











Postage Will Be Paid By Reader Service Department 


PRODUCT ENGINEERING 
330 WEST 42nd STREET 
NEW YORK 36, N. Y. 


Issue of February |, 1960 


Product 


Engineering PERMIT No. 64 


Card enpiees April 1. 19 pe sigue oes An Opportunity 
To Get 

More Information 

Quickly, 


Conveniently 











No Postage Stamp Necessary if Mailed in the United Stotes 


BUSINESS REPLY MAIL 





Postage Will Be Paid By Reader Service Department 


PRODUCT ENGINEERING 
330 WEST 42nd STREET 


NEW YORK 36, N. Y. 





TRANSPARENCY 





is America’s leading Technical Paper 


PRINTING & HANDLING 


CLEARPRINT PRICING 


COST CONSIDERATION , 


CLEARPRINT’S VALUE TO YO 


\ 


CIRCLE 202 ON READER SERVICE CARD 
































How CINCINNATI-BICKFORD mounts 
column of “Thrustmaster” radial 
drill on Timken bearings to 
assure rigidity. 


World’s most powerful radial drill uses 41 Timken’ 
bearings to assure rigidity, handle extreme loads 


EIGHING 80,000 Ibs. and driven by a 50 h.p. 

electric motor, this 34-inch diameter column 
“Thrustmaster”, by Cincinnati-Bickford Division of 
Giddings & Lewis Machine Tool Company, is the 
world’s most powerful radial drill. To resist stresses 
and reduce arm deflection, the column is mounted on 
large pre-loaded Timken® bearings—one at the top, 
one at the bottom. They give the column and sleeve the 
rigidity of a single piece, resulting in greater accuracy 
and longer tool life, with higher speeds and coarser 
feeds. And 39 more Timken tapered roller bearings 
are used in the drill head. Timken bearings assure 
better performance because they . . . 
1) Take all loads. Their taper lets Timken bearings 
take both radial and thrust loads. And full-line contact 
between rollers and races gives extra load-carrying 


BETTER-NESS 


capacity. 2) Practically eliminate friction. Timken bear- 
ings are geometrically designed and precision-manu- 
factured for true rolling motion. 

And Timken bearing service from graduate engineer 

salesmen qualified to work with your purchasing, en- 
gineering and production people is an extra advantage. 
It's service, backed by research and testing facilities 
unique in the bearing industry. 
That’s why Timken bearings give you: 1) Quality you can 
take for granted. 2) Service you can't get anywhere else. 
3) The best-known name in bearings. 4) The pace setter 
in lower bearing costs. Specify Timken bearings for the 
machines you use or buy. The Timken Roller Bearing 
Company, Canton 6, Ohio. Canadian plant: St. Thomas, 
Ontario. Cable: “TIMROSCO”. Makers of Tapered Roller 
Bearings, Fine Alloy Steel and Removable Rock Bits. 
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